All members of the camel family (Camelidae) belong to the order
Artiodactyla (even-toed ungulates) and suborder:Tylopoda (pad-footed).
To detect abnormality in camels, the veterinarian must be familiar with the
normal health state. A healthy camel is one, which has an erect head, clear
eyes, prickled ears with a bright manner, normal appetite, pulse rate, and
temperature. The hump often gives a good indication of health and
should be rounded, plump and vertical or slightly inclined. Some smaller
breeds of desert camels have small humps, which should not be confused
with the flabby, shrunken hump of deprived, aged or sick camel (HMSO,
1956). Other signs of disease in camels are similar to other species. The
description of camels' disease, its detection and prevention is described in
this book.
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INTRODUCTION

All members of the camel family (Camelidae) belong to the order
Artiodactyla (even-toed ungulates) and suborder:Tylopoda (pad-footed). The
old-world camels belong to the genus Camelus with two species: C. bactrianus
(two humped camels) and C. dromedarius (one-humped camels). The New
World camels belong to the genus Lama with three species, L. guanicoe (the
guanaco), L. peruana (the llama) and L. pacos (the alpaca), and to the genus
Vicugna with only one species, the vicuna. The present distribution of camels is
the result of man's activities, in which domestication, extirpation, transference,
and artificial dispersal have played important roles.

Camels originated in North America when the landmasses were still
joined (Zeuner, 1963). These animals were no larger than hares. They remained
in this area from the Eocene Epoch period throughout the Tertiary period, into
the Pleistocene epoch, a period of 40 million years. From North America the
animals migrated to other parts of the world, finally disappearing from their
original habitat entirely adapting to the various areas to which they migrated.
The camel evolved into the different species of the camel family, as we know
them today. It is thought that the single-humped dromedary evolved from the
two-humped Bactrian. It has been reported that at an early stage of
embryogenesis two rudimentary humps are present in the fetal dromedary as
well as in the Bactrian and in hybrid crosses (Leese, 1927).

Dromedaries were originally domesticated in Central and Southern
Arabia (Zeuner, 1963). From here they gradually dispersed to North Africa and
eastwards to the deserts and semi deserts of the Middle East. The Romans used
camels in many parts of their empire thus accounting for the presence of camels
in parts of Europe and Asia (Ripinsky, 1983). The spread of Islam also
contributed to the dispersal of camels throughout the Islamic Empire. The name
dromedary, for the one-humped camel, is derived from the Greek word
'dromeus', a runner, or 'dromas', running. This name originally designated only
for the swift Arabian camels renowned for their fleetness of foot. Later, it
applied to all one-humped camels. The Bactrian camel was named after the
area of Bactriana in Central Asia.

In the past camel was primarily used for the transport of goods and
passengers in the desert and semi-desert areas. Wool, milk, skin, and meat were
the by-products (Williamson and Pyane, 1978). In the modern times, camel is a
neglected species due to rapid replacement by other alternatives such as more
rapid means of communication and transport, for example, automobiles. To the
Bedouin, however, the camel is more than 'the ship of the desert'. It is woven
into his religion and folklore as the special gift from God. In the Koran the
camels' importance to the people is described as, 'Lo this is the camel of Allah,
a token unto you; so let her feed in Allah's earth, and touch her not with hurt
lest painful torment seize you' (Koran: Sura 7-73). ‘And (remember) when we
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prepared for Abraham the place of the (holy) House of Allah and proclaim unto
mankind the pilgrimage. They will come unto thee on foot and on every lean
camel” (Surah XXII 26-28 The Pilgrimage). In Surah XXVI it is mentioned:
'He said: (behold) this she camel. She hath the right to drink (at the well) and ye
have the right to drink (each) on an appointed day; and touch her not with ill
lest there come on you retribution. But they hamstrung her, and then were
penitent’. Muhammed (peace be upon him) used to love and praise the camel.
Caliph, Umar stated ‘the Arab prospers only where the camel prospers’.
Carrying soldiers into war on camel back was an accepted practice in Biblical
times and is still done until today. Most armies in the Middle East and some
countries of Asia (Pakistan and India) and North Africa still have camel corps
in their modern mechanized units.
The world stock of dromedaries is 17 million and Bactrians 2 million.
Fifteen million dromedaries are present in Africa and Middle East and 2
million in India and Pakistan (Shwartz, 1992). It has been estimated that
there are approximately 14,000 racing and 40,000 breeding camels in the
United Arab Emirates alone (Higgins et al., 1992). Peak milk yield of 20-40
liter per day has been recorded for camel (Knoess, 1979; Quereshi, 1986;
Khanna and Rai, 1993). Camels have a lactation period that lasts throughout
or most of the year, where as local cattle kept in the desert of East Africa
produce milk only during the rainy season for approximately two months
(Kohler-Rollefson, 1994). It appears that the home consumption of camel
meat is rare among the dromedary owning nomadic tribes, however, camel
meat is popular in many towns in North Africa and Arabia (Dorman, 1986).
Daily weight gain of 1.5 kg by males and 1.0 kg by females on low cost diet
indicates that camel is an efficient meat producer (Qureshi, 1986).

The camel’s body has a large body mass, which heats up slowly
than a small body mass when exposed to sun. The characteristic hump of
the camel is a store of subcutaneous fat joined together by fibrous tissue. On
the other parts of the body the subcutis is almost fat free so that it can
dissipate heat more efficiently (Clooudsley-Thompson, 1969). The
dromedary camel is much taller than the two-humped camel. An adult full-
grown camel weighs between 450-600 kg and its shoulder height is about
2.2 meters.

The colors of camels vary from deep brown to dusty Grey. White
camels are rare, while black camels are considered as a bad omen by some
tribes. The hair are longer and thicker on the top of the head, under the
throat, on the dorsum of the neck, shoulders, and hump. The coat reaches its
maximum length by early winter. The thick winter coat is normally shed by
mid-summer. The lips of the camel are extremely sensitive and enable the
animal to avoid being pricked by thorns when browsing thorny bushes. The
nostrils are almost horizontal slits that virtually meet in the front, and
contain numerous hair, which prevent sand entering the nostrils. The camel
can therefore continue breathing normally even in the most severe storm.
The eyes are large and prominent. The eyelashes are long and heavy. There
is a thick nictitating membrane, third eye lid, with well-developed glands.
This third eye lid protects the cornea from all foreign materials including
sand. There are thick extruding eyebrows, which shield the eyes from the
sun glare.
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The digital bones are wide and flattened and are embedded in a broad
cutaneous pad, which forms the sole of the foot. The two protruding digits are
spread almost flat on the ground and terminate in short, broad and slightly
curved claws or nails. The second and fifth toes are not present. The camel
treads on its toes or on the cushioned pad that underlies them. The pads
expand with the pressure each time the foot is placed on the ground. This
provides the traction in the sandy area. The ability to walk across the sand
dunes gives the camel its name 'the ship of the desert'.

Under the chest and on the knees and hocks of all four legs, are thick,
horny keratin pads. The pads are already present in the fetus of 5-6 months.
These pads prevent abrasions when the animal kneels and allow him to squat
on the hot sand by slightly elevating the body above the hot surface.

In short the camel posses certain physiological features that enables
him to thrive in extremely arid environments (Shwartz, 1992) and the
necessity of man to exploit the useful traits, which may ultimately guarantee
the camel's survival as a domestic animal. The mystery of water deprivation is
almost solved now. About 12% of the total body-water is contained in the
alimentary tract of fully hydrated camel, which is about the same as in cattle.
The camels, however, are able to recycle the water to conserve it. This is
achieved by a large number of endocrine cells in the epithelium of fore
stomachs. The cells control the passage of water, electrolytes and urea in and
out of the fore stomachs. About 50% of water absorbed in the omasum is
excreted in the abomasum. It helps to dilute ingesta to easily be delivered to
the intestinal tract for absorption. Water and urea are continuously recycled
from the blood into the stomachs. Water deprived/dehydrated camels lose
much less plasma volume than other animals, which is due to continuous
absorption of water from the intestines.

During the last 10 years a more formal structure to racing has been
established in the Gulf countries. The racing season starts in October and
extends to mid-April. Races are held over distances up to 20 km.

Traditionally, camel races were held over a straight track, however,
circular tracks of up to 10 km have now been built. Camel racing is a serious
sport, which maintains cultural heritage and has significant socio-economic
implications.

The maintenance of good health and productivity (whether fitness for
racing or fitness for milk, meat and hair production) is of vital importance to
the owner.

In general, most camel diseases must be considered as herd problems.
It is often impractical for a herd to remain in one place for any length of time.
As a result, the attending veterinarian may have the opportunity of only a
single visit to a 'patient' before the whole herd moves to new grazing area. In
these circumstances, the importance of clinical examination in reaching a
correct diagnosis is self-evident (Higgins and Kock, 1986).

To detect abnormality in camels, the veterinarian must be familiar
with the normal health state. A healthy camel is one, which has an erect head,
clear eyes, prickled ears with a bright manner, normal appetite, pulse rate, and
temperature. The hump often gives a good indication of health and should be
rounded, plump and vertical or slightly inclined. Some smaller breeds of
desert camels have small humps, which should not be confused with the
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flabby, shrunken hump of deprived, aged or sick camel (HMSO, 1956). Other
signs of disease in camels are similar to other species.

It has been said that the camel suffers from few diseases of
importance. However, it is apparent that we know too little about the diseases
from which it does suffer from (Higgins 1983). Some are well known such as
mange and trypnosomiasis; others are just beginning to come to the light.
Trypanosomiasis is probably the most serious infectious disease of camels and
is widespread throughout camel-rearing areas.

Although most camels are placid by nature, the degree of pliability
reflects the degree of human handling. Particular care must be taken when
examining the female camels with calves at foot or male camels during the
breeding season. Rectal examinations can be particularly tiring. It is worth
remembering that even the most docile camel can inflict damage on the
unwary.

Physiologically, camels adapt well to high temperatures. Blood volume
is maintained partly by water diversion from the skin to other body tissues and
organs. Studies in the Sahara have shown that, when the ambient temperature
exceeds 400C, as much as 40% bodyweight may be lost and several drinking
sessions may be required before full weight is regained (Gauthier-Pilters and
Dagg 1981). Water conservation is assisted by highly efficient renal
mechanisms (perhaps related to the long nephrons found in camels), nitrogen
retention and re-use, production of dry feces and a flexible diurnal body
temperature which can vary by up to 60C in 24 h period. Additionally, water is
recirculated continuously in the gut from the duodenum and colon into the fore
stomachs via the blood.

Many of the above physiological characteristics of the camel play a role
in the way in which drugs are metabolized by this species. The veterinarian must
be aware of such metabolic variables when treating camels and also when using
tranquilizer and anaesthetic drugs for examination and surgical procedures.

Having relatively long neck and legs and, at times, aggressive, the
camel suffers from a spectrum of traumatic lesions that require surgical repair.
Surgical procedures to such cases will not only allow salvage of the patient but
full return to rigorous performance levels as required in racing camels.
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DIGESTIVE SYSTEM
THE LIPS

The lips of the camels are extremely mobile and sensitive. The upper lip is
livid and overlaps the lower lip, which helps in oral recovery of moisture from the
nose. It also helps avoiding thorns, to select small portions of plant material as food,
and to pick small particles of food from ground when required. The lips are covered by
soft hair of varying sizes, some of which are tactile (Manefield and Tinson, 1996).

ORAL CAVITY

The oral cavity of the camels is typical of a ruminant and is designed for the
efficient handling of large volumes of plant roughage. Both upper and lower lips are
extremely mobile, and are covered by soft tactile hair. The upper lip is bifid, which
enables the camel in selecting food and avoiding thorns. Labial glands are numerous
and open on the mucous membrane. The buccal vestibule contains large conical buccal
papillae, which are cornified and are directed towards the pharynx. The hard palate is
narrow rostrally with more or less parallel lateral borders. The hard palate widens in
the caudal half of the molar region. An extensive venous plexus lies between the
mucous membrane and the bone. A dental pad is present and is covered by a thick,
heavily cornified epithelium. Unlike the other ruminants, a pair of incisor teeth are
present. In the deciduous set incisor N 3 does erupt, although it is not very well
developed. Centrally along the caudal border of the dental pad the incisive papilla
occurs with no detectable openings of the incisive ducts. The palatine ridges are V-
shaped rostrally but become irregular transverse ridges caudally. The caudal region
which is bordered by the molar teeth is devoid of ridges and is concave, to
accommodate the torus of the tongue. The tongue fills the long narrow oral cavity
when upper and lower teeth are in contact. The tongue is spatula-shaped in
appearance. The mucous membrane is thin and delicate along ventral and lower lateral
surfaces. It abruptly goes over into thick, cornified mucosa which covers borders and
dorsum of the organ, and contains numerous papillae. The filiform, conical, and
lentiform papillae have mechanical functions, while the fungiform and vallate papillae
contain taste buds, and serve mainly a gustatory function. Foliate papillac are absent.
Approximately 20 mm rostrally to the frenulum are the openings of the mandibular
salivary duct.

There are no detectable openings of the orobasal organ. The lateral
sublingual recesses contain the openings of the sublingual salivary glands. The
important salivary glands are the parotid, mandibular, and buccal glands and, to a
lesser extent the sublingual gland. The secretion of the parotid and ventral buccal
glands is serous in character; the dorsal and middle buccal as well as the sublingual
have purely mucous acini while of the mandibular gland is mixed. The sublingual
gland consists of a series of pale yellow lobules, along the lateral sides of the base of
the tongue. The monostomatic sublingual gland is absent. Numerous small mucous
glands are present in the mucosa of the cheeks, around the tonsils, and in the peculiar
diverticulum of the soft palate (Smuts and Bezuidenhout, 1987).
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SOFT PALATE

Of all the domestic animals the camel’s soft palate is the longest, with an
average length of 160 mm in the adult. It stretches from the end of the hard palate
caudally over the epiglottis to the level of the arytenoid cartilages (Smuts and
Bezuidenhout, 1987).

PALATINE DIVERTICULUM (DULLA)

A peculiar expandable diverticulum occurs on the ventral median aspect of
the soft palate, close to its origin. It is more developed in males than in the female.
This palatine diverticulum is popularly referred to as 'DULLA’, an Arab word for the
balloon-like structure which is seen to be inflated from within and projected from the
buccal cavity of males during the breeding season. This act is accompanied by
gurgling sounds. The diverticulum consists of loose connective tissue and mucous
glands covered by mucosa, which may be partly pigmented. A fold of mucous
membrane from each side of the root of the tongue runs dorsally and caudally to form
a semi-lunar fold on each side of the dorsal midline. The two folds meet dorsally and
continue caudally to form a roughly triangular enlargement of the soft palate, with the
apex directed caudally and with a semi-lunar fossa formed on each side of it. The most
logical explanation about the mechanism of distension of the 'DULLA' seems to be the
following: eructed gas from the stomach is forced into the lung, from where air is
forced into the oral pharynx while the soft palate is raised and the entrance of the
nasopharynx is closed. The distension of the 'Dulla’ has been achieved artificially by
blowing air through the trachea with the nares tightly closed (Arnautovic and Magid
1974)

PHARYNX

Contrary to the other ruminants, the pharynx is relatively long and extends as
far caudally as the first cervical vertebra. The nasopharynx is part of the respiratory
canal. It lies dorsally to the oropharynx and stretches from the choanae to the intra-
pharyngeal opening. The mucous membrane may be partly pigmented. The roof,
Fornix pharyngis, is concave. It is divided by a prominent transverse crest into two
dome-shaped compartments. The pharyngeal openings of the auditory tubes are in the
dorsolateral aspect of the wall of the rostral compartment, directly behind the choanae.
Each opening consists of a semi-lunar slit which is partly covered by a low cushion of
mucous membrane. Caudoventrally, the nasopharynx communicates with the oro-and
laryngopharynx through the intrapharyngeal opening. The oropharynx extends from
the palatoglossal arches to the base of the epiglottis. Its roof is formed by the soft
palate and 'DULLA'. The lateral walls contain the palatine tonsils (Smuts and
Bezuidenhoat, 1987).

THE TEETH
The formula for the permanent dentition is as follows:
2(11/3C1/1P3/;M3/3) = 34

The characteristic features of camel dentition are the presence of a pair of
incisors in the upper jaw and canine teeth in both jaws. This is a deviation from the
ruminant pattern.

The single incisor in the upper jaw represents incisor 3. It is strong and tusk-
like in the male; in the female it is smaller and may be absent. It reaches its greatest
length at 9 years of age (Leese 1927). The incisors of the lower jaw are haplodont,
with crowns which are compressed rostrocaudally and become wedge-shaped towards
the neck. In the young adult the incisors project almost horizontally from the jaw, and
with advancing years they become upright.

The tusk-like canines are placed caudally, but fairly close to incisor 3. When
the jaws are closed the lower incisors are placed in front of the larger upper ones. They
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are considerably smaller in the female. A rudimentary second incisor (Di2) may occur
in the gum but it never erupts. The tusk-like first premolar is not replaced.

ESOPHAGUS

The esophagus starts caudally to the esophageal vestibulum and the V-
shaped dorsal fold, which marks the termination of the palato pharyngeal arches. The
rostral end of the esophagus lies on the cricoid cartilage and the dorsal cricoarytenoid
muscle. Caudally to the larynx, it is related to the longus colli muscle dorsally, the
trachea ventrally, and the common carotid artery and vagosympathetic trunk on its
ventro-lateral aspect. It is contained in the gutter like channel, which occurs ventrally
to the vertebral bodies and medially to the vertically placed transverse processes.
Towards the thoracic inlet the esophagus lies on the left dorsolateral aspect of trachea.
The position of the esophagus in the cranial mediastinum is dorsal to the trachea. It
continues in the caudal mediastinum towards the esophageal hiatus of the diaphragm.
In this region it is bordered dorsally by the caudal mediastinal lymph nodes.

Esophagial function in camels, like in ruminants, is much more diverse than
in monogastric animals. Large quantities of saliva and sometimes very thorny
roughages have to be swollowed, to reach the foregut system. Eructation of gas needs
to be performed according to microbial gas production. Regurgitation of partly
digested forestomach contents for rumination is certainly the most complex task of the
esophagus. The circular and longitudinal muscles of the esophagus in camels like in
ruminants are made up of striated muscles. Muscularis mucosae is rudimentary in
camels and glandulae oesophageae can be seen over the whole length of esophagus
(Lechner-Doll and Hoffrogge, 1994).

STOMACH

Although Camels are ruminating animals they are not classified as
Rumiantia. They differ from true ruminants in having a completely different stomach
system. The same general characteristics of rumination and microbial digestion of
fibrous feeds in a large and compartmented stomach have developed independently in
camelids and ruminants and at different geological times. This independent
development resulted in marked differences in morphology, histology and motility of
the stomach system.

The stomach of the camel is divided into compartments, namely a rumen
(compartment 1), reticulum (compartment 2), omasum, and abomasum (omasum and
abomasum are designated as compartment 3). These compartments differ greatly in
shape and structure from the typical design found in the ox and sheep.

The rumen has a capacity of approximately 100 liters. It occupies the major
portion of the abdominal cavity. It extends from the diaphragm to the pelvic inlet,
filling the left half of the abdominal cavity. Its caudal aspect extends well over the
median plane into the right half of the abdominal cavity. In the suckling animal, it is
relatively smaller. The camel rumen is not divided in the same way as that of the ox
and sheep. It is subdivided by a strong muscular ridge into cranial and a caudal
portion. The ventral parts of the rumen are made up of series of glandular sacs. These
glands resemble cardiac glands in other species of animals. These glands are
distributed in four regions: The luminal surface epithelium covering the ridges
between different foveolae; the foveolar epithelium; the isthmic epithelium; and the
epithelium of the end-piece (Cummings et al., 1972). The luminal surface epithelium
is composed of tall, laterally compressed cells containing mucous granules, whose cell
numbers increase close to the foveolar orifice and reach a maximum in the foveolar
epithelium. Many endocrine cells are also present in this area (Luciano and
Engelhardt, 1980). The columnar cells at the surface contain several apical microvilli
and many mitochondria. These cells are of special interest with respect to their
absorptive ability ( Cummings et al., 1972; Luciano and Engelhardt, 1980). The dorsal
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part of the rumen is lined by smooth stratified squamous epithelium without papillae
(Engelhardt et al., 1992).

The reticulum is situated to the right and cranioventrally to the cardia. Its
initial part lies directly cranially to the glandular sac of the caudodorsal compartment.
It is bean shaped, with its greater curvature directed ventrally. The interior of the
reticulum is characterized by a powerful and complex system of radiating pillars
which are interconnected by lattice-work of slender pillars (Smuts and Bezuidenhout,
1987). The structure of the mucous membrane of the reticulum resembles the
adjoining glandular sac (Engelhardt et al., 1988).

The omasum is long and sausage-shaped. It lies cranially below the cardia on
the dorsal surface of the cranioventral sac. It has an initial dilatation which becomes
constricted a few centimeters further by an incomplete muscular band in its
ventrocranial aspect. This is followed by marked enlargement of its lumen as it
approaches the left body wall. The diameter of the omasum decreases as it bends
ventrally and to the right. When it approaches the ventral aspect of the reticulum it
becomes constricted ventrally before going over into the abomasum (Smuts and
Bezuidenhout, 1987). The omasum is lined internally by glandular mucosa arranged in
longitudinal folds (Engelhardt et al., 1992).

The primary functions of the alimentary tract are the prehension, digestion
and absorption of food and water, and the maintenance of the internal environment by
modification of the amount and nature of the materials absorbed.

The rumen, reticulum, and omasum, in camels, are collectively termed
forestomach, which is comparatively shorter relative to body weight (8.9 + 0.32 and
11.3 + 0.31 liters/100 kg during the green and the dry season, respectively) than the
other ruminants. Motility of the forestomach in camels results in an effective mixture
of fluid and feed particles. Rumination reaches a peak in the early morning. In contrast
to domestic ruminants, rumination activity in camels occurs independently of feeding
time (Kaske et al., 1989). This maximum activity in the early morning may be a
mechanism to achieve a prolonged retention time of particles in the forestomach.
Particles have to be reduced in size before they can pass into omasum (Lechner-Doll
and Engelhardt, 1989). If rumination begins after a long period of non-rumination,
feed particles remain for a long time in the forestomach and cellulose digestibility may
be improved. Feed particles are retained selectively in the forestomach of camels and
ruminants.

The hydrochloric acid producing abomasum (hind stomach) is a relatively
short compartment. The transition between omasum and abomasum is not obvious
externally. The greater curvature lies ventrally. It expands to form a prominent
convexity towards the pylorus, which is placed dorsally, below the tenth costochondral
junction. The lesser curvature forms a marked constriction before expanding into a
bulbous pyloric part (Smuts and Bezuidenhout, 1987). A pertinent point is that the
contents in the abomasum become diluted. The estimated secretion of water into the
abomasum totals 150% of the amount of water absorbed in the omasum. Together with
water that enters the rumen, there is a net transfer of water from the blood into the
stomachs. The fairly dry ingesta that passes into the abomasum are therefore diluted
before passing quickly into the intestines where water is reabsorbed back into the
blood.

The most striking feature differentiating camel stomach from the other
ruminants is the presence of glandular sacs.

Stomach motility also differs strongly between ruminants and camelids. In
the former the total ingesta in the reticulo-rumen are mixed and transported within the
organ some hours after feed intake rather homogeneously. In the latter, particles and
fluids are separated in a suction pressure rhythum during the motility cycle, whereby
fluids and solutes are pressed into the glandular sacs for potential absorption. Thus
larger feed particles are selectively retained in the forestomach for prolonged
microbial degradation.
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Contents in the forestomach of camels are comparatively solid. Motility
leads to a slow rotation of the fibrous mass (Hoffrogge et al., 1994). Two basic
forestomach contraction sequences (A-contraction and B-contraction) have been
observed (Heller et al., 1986). A-sequence starts with a contraction of reticulum
followed by a contraction of caudal rumen about 4 seconds later. B-sequence begins
with a contraction of cranial rumen followed by reticulum and caudal rumen. B-
sequence lasts for about 9 seconds. The flow of digesta through the canal between
reticulum and omasum occurs during contraction of reticulum. During eating and
rumination, forestomach motility is frequent (about 100 A- and B-sequences’h).
During resting periods long pauses in motility (upto 20 mins) occur. Motility of the
forestomach in camels results in an effective mixture of fluid and particles.

Fluid mean retention time (MRT) in the forestomach is substantially longer
in cattle (28 h) and in camels (25 h) than in sheep and goats (20 h).

In contrast to most ruminant species, camels are not restricted to one feeding
strategy. They can, if necessary, use low quality, fibre rich diets. But if presented with
a choice, they select the most nutritive parts of plant. When only poor-quality, high
fiber diets are available, camels are classified as bulk and roughage eaters. The
digestibility of fibrous feed in the forestomach of camels can be more efficient as
compared to most ruminants due to a long retention time of the diet (Engelhardt,
1994). On the basis of feeding behavior, camels foraging on a thorn bush ‘Savannah
pasture’ are classified as selective browsers (Engelhardt et al., 1992).

When low protein feed with sufficient available energy for microbial growth
is fed to camels, recycling and use of endogenous urea nitrogen is high and renal urea
excretion is low. Ninety to 96% of total urea turn over is recycled into the
gastrointestinal tract, compared with 47% under control condition (Engelhardt et al.,
1978; Mousa et al., 1983).

The return of urea from blood into the forestomach is beneficial only under
conditions of nitrogen shortage. If the recycled urea nitrogen cannot be incorporated
into the microbial protein, ammonia absorbs back into the circulation and
resynthesizes to urea (Engelhardt et al., 1978).

Fermentation of feed is basically similar in camels and ruminants. Short
chain fatty acids (SCFA), being major product of microbial carbohydrate digestion are
the most important energy source for the camel. These are absorbed from the
forestomach into the blood in large quantities (Dycker et al., 1994). The concentration
of SCFA is 40-90 % higher in camels than the ruminants (Lechner-Doll et al., 1991).
The mechanism of SCFA-absorption may be different between ruminants and camels
because of the the differences in the, histological structure of the forestomach. There is
some evidence that the magnitude of SCFA absorption in the camels may vary in a
wide range, depending on feeding situation (Holler et al., 1989). Dycker et al. (1994)
found that SCFA absorption depends on the pH, Na+ absorption and SCFA
concentration.

SMALL INTESTINES

The total length of the small intestine averages 40 m while the large intestine
is 19.5 m. The duodenum begins at the pylorus, which is situated below the tenth
costochondral junction. The Pars cranialis lies against the visceral surface of the liver.
It consists of a prominent Ampulla duodeni followed by a slender Ansa sigmidea,
which is directed craniodorsally. At the Flexure duodeni cranialis the strongly
convoluted “Duodenum descendens” commences, passing in a caudal direction. It is
suspended by a short mesoduodenum, which contains the right lobe of the pancreas.
Interiorly, at the junction of the ampulla and the sigmoid portion, a shelf-like partition
projects into the lumen and the walls of the two portions are attached to each other.
Directly caudally to the cranial flexure, the hepato-duodenal duct emerges from the
pancreas to enter the duodenal wall. The intramural course of the duct is 45-60 mm. It
opens through the major duodenal papilla, which is situated between the free and
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attached borders of the dorsal aspect of the duodenal wall. Ventrally to the caudal pole
of the right kidney, the duodenum turns medially as the Pars transversa. It attaches to
the last part of the ascending colon, and passes cranially between the latter and the
angle formed by the transverse and descending colon to bend ventrally at the Flexura
duodenojejunalis (Smuts and Bezuidenhout, 1987).

The convoluted jejunum is placed mainly on the right flank, in abdominal region,
and on the sternum in the medial plane. Its suspensory fold, the mesojejunum, is fused
with the mesocolon. Its terminal portion is placed on the left of the median plane. A
short peritoneal fold, the Plica ileocecalis, attaches it to the lesser curvature of the
cecum and marks the beginning of the ileum. The short ileum ends at the ileal orifice
which demarcates the cecocolic level of the caudal pole of the midline, on the level of
the caudal pole of the left kidney.

LARGE INTESTINE

The cecum and the initial part of the colon is larger in diameter than the
small intestine. The ascending colon is arranged in a flat spiral, the transverse colon is
short, and the descending colon has a sigmoid flexure in its initial part.

The cecum of camel resembles that of other domestic ruminants. It is a
slightly S-shaped blind tube which is situated chiefly in the right flank. It arises on the
level of the fifth lumber vertebra, medially to the left kidney. The body is directed
towards the right and caudally, while the apex points cranioventrally. The ileum lies
medially to it.

The colon arises at the ileal opening. The initial part of the ascending colon
passes cranially along the ventral surface of the left kidney and to the right of the
rumen. It then turns ventrally and caudally into the first centripetal coil of the spiral
consisting of five and a half centripetal coils. At the middle of the second spiral the
diameter decreases considerably. The Flexura centralis marks the beginning of the
centrifugal coils which are also five and a half in number. The last loop of the
ascending colon runs caudally and to the right, before passing cranially and to the left
around the cranial mesenteric vessels as the Colon transversum. The latter is a short
segment and bends caudally to mark the beginning of the Colon descendens. A
sigmoid flexure occurs in its initial part. It then continues along the dorsal body wall
suspended by a short mesocolon to enter the pelvic inlet and to be continued by the
rectum.

The rectum is covered by peritoneum as far as the level of the second caudal
vertebra. The retroperitoneal portion is therefore short. Longitudinal folds of mucous
membrane (Columnae rectales) end abruptly at the anorectal line. The Zona cutanea is
relatively smooth and is continued at the anocutaneous line by normal skin containing
hair follicles as the external covering of the anus. The anal opening is situated below
the third or fourth caudal vertebra.

LIVER

The camel liver is dark brown in color when in fresh state. Its weight in adult
animals varies from 6.5- 10 kg. It is only partly lobulated. The gall bladder is absent.
The absence of a gall bladder, landmark between the quadrate and right lobes, poses
some difficulty in determining the boundary between these lobes in the camel. To the
left of an imaginary line connecting the esophageal notch with the notch for the round
ligament is the left lobe, Lobus hepatis sinister. It is subdivided into L. hepatis sinister
medialis and lateralis. To the right of the notch for the round ligament is the quadrate
lobe, L. quadratus. An indistinct incisure marks the limit of the quadrate lobe. To the
right of an imaginary line from this notch to where the caudal vena cava crosses the
dorsal border of the liver is the undivided right lobe, L. hepatis dexter. The caudate
lobe, L. caudatus, which is situated dorsally to the porta, has a well developed flap-like
Proc. papillaris and a pointed Proc. caudatus on the right. The dorsal border of the
liver is thick and includes the concave renal impression, Impressio renalis, the groove
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for the caudal vena cava and the esophageal notch. The remaining borders are sharp
and are characterized by the presence of numerous irregular fissures. They are
continued as a network of grooves along the diaphragmatic and visceral surfaces for a
variable distance, giving these areas a cobbled appearance. The lobulation is distinct.
Every lobule is surrounded by connective tissue (Smuts and Bezuidenhout, 1987).

The two hepatic ducts unite to form the common hepatic duct, which unites
with the pancreatic duct before opening into the duodenum. The distance between the
origin of the common hepatic duct and its opening into the duodenum is 100 - 110
mm, and there is no sphincter at the terminal end of the duct (Radmanesh, 1974).

The liver lies mainly on the right side of the midline, under cover of the ribs.
It extends from the 5th to the 12th rib. The left lateral lobe lies on the left of the
median plane, at the caudal border of the Sth rib. In the newborn animal the entire left
lobe lies on the left side. The diaphragmatic surface lies against the diaphragm. The
visceral surface is in contact with the different compartments of the stomach, the
duodenum, colon, and pancreas.

In the neonates, the liver is relatively larger and the borders are more
rounded. The papillary process is more prominent, and both left and right lobes
protrude from the rib cage and are in contact with the abdominal wall.

PANCREAS

The pancreas of camel consists of a narrow body, and right and left lobes, of
which the left is larger and longer. At its ventral surface is the ‘Incisura pancreatis’,
which is occupied by the portal vein. The left lobe of the pancreas is inserted between
the left crus of the diaphragm and the caudodorsal sac of the rumen. Caudally, it is
related to the ventral surface of the left kidney and the mediocaudal part of the spleen.
The right lobe is situated in the mesoduodenum. Caudally, it is associated with the
transverse and descending colon. Cranially, it is attached to the ampulla of the
duodenum. At the level of the cranial duodenal flexure the hepatoduodenal duct
emerges from the pancreas to enter the duodenal wall and opens on the major
duodenal papilla. Its weight, in adult animals, is approximately 0.5 kg (Smuts and
Bezuidenhout, 1987).

ALIMENTARY TRACT DYSFUNCTIONS

Stepankina and Tashenov (1958) carried out duodenal function studies using
a permanent fistula and found that in the camel there was a normal volume of chyme
of 86 liters. The volume declined to 60 liters after 15 days of dehydration. If we
assume that the camels weighed 400 kg each and that they lost an average of 25% of
their body weight, the above mentioned data show that the losses of body water come
from the intestines. Studies using duodenal fistula also showed that when the animals
were dehydrated the chyme became much more diluted. It was assumed that the cause
of this was the salivary secretion. However other research using a parotid as well as
duodenal fistula showed that there was a great reduction in parotid secretion, from 20
liters to a day to about 1 liter (Macfarlane et al., 1963). It is pertinent that the saliva
contained more urea which would take water with it, thereby counteracting the drying
effect of the absorption of sodium bicarbonate and water. It is the secretion of water
into the abomasum which dilutes the chyme.

The advantage that the camel has over other mammals living in the same
environment is that there are large amounts of sodium and bicarbonate not only in the
stomachs but also in the intestines (Maloiy and Clemens, 1980). As water absorption
from the intestines is generally associated with the absorption of salt, the camel has a
large potential water source in its intestines. The colon has an extremely effective
water-absorbing capability (Maloiy and Clemens, 1980). The low water turnover of
the dehydrated camel enable utilization of this reservoir over a far longer period than
any other animal (Macfarlane et al., 1963; Etzion et al., 1984). The regulation of



Chapter 2 : Digestive System 13

water content could be important for conserving body water as the renal water-
conserving mechanism (Farid et al., 1979).

The extracellular fluid compartment losses during water deprivation are
almost entirely from the alimentary canal (Hecker et al., 1964; Thornton and Yates,
1968). This accounts for the fact that there are minimal losses of plasma volume in the
dehydrated camel (Macfarelane, 1977). Besides water absorption from the intestines,
the quantity of feces excreted is determined by the quantity, quality and digestibility of
the fodder. When food has more roughage, more feces are produced. On good pastures
camels defecate twice an hour (Gauthier-Pilters and Dagg, 1981), producing 200g dry
fecal weight. On poor pastures defication occurs only once an hour producing 100 g
dry feces. As a rule the production of feces totalled 370-500 g dry weight per 100 kg
body weight (Maloiy, 1972; Schmidt-Nielsen et al., 1956). The colonic contents in
camel contain the lowest concentration of potassium. The advantage of this fact is that
under the influence of aldosterone sodium will be absorbed and potassium secreted
into the intestines.

The primary functions of the alimentary tract are prehension, digestion and
absorption of food and water and regulate the amount and nature of the materials to be
absorbed.

There are four major modes of alimentary dysfunction. These are either
abnormality of motility, secretion, digestion or absorption. The procedure in diagnosis
should be to determine which mode or modes of function is or are disturbed before the
determination of the site, nature of the lesion and of the specific cause.

Abnormal motor function may take the form of increased or decreased
motility. Peristalsis and segmental movements are usually affected equally and in the
same manner. Motility depends upon stimulation via the sympathetic and
parasympathetic nervous systems and is thus dependent upon the activity of the central
and peripheral parts of these systems, and the intestinal musculature and its intrinsic
nervous plexus. Autonomic imbalance, resulting in a relative dominance of one or
other systems, is manifested by hypermotility or hypomotility, and can arise as a result
of stimulation or destruction of hypothalamic centres, the ganglia, or the efferent or
afferent peripheral branches of the system. Debility, accompanied by weakness of the
musculature, or severe inflammation, as occurs in acute peritonitis or trauma, results in
atony of gut wall. Less severe inflammation, as occurs in mild gastritis and enteritis,
causes an increase in muscular activity. Increased motility causes diarrhea, decreased
motility cause constipation, and both have deleterious effects on digestion and
absorption.

Irritability at a particular segment increases its activity, and disturbs the
normal downward gradient activity, which ensures that the ingesta is passed from the
esophagus to the rectum. The gradient towards the rectum if made steeper, there is an
increase in the rate of passage of ingesta in that direction. If increased potential
activity of an irritated segment is sufficiently high it may produce a reverse gradient to
the oral segments. Thus the direction of the peristaltic waves is reversed. It is by this
means that vomiting occurs and intestinal contents, even feces, are returned to the
stomach and vomited.

One of the major results of abnormality of motility is distension of the tract.
It occurs in a number of disturbances, including the rapid accumulation or insufficient
expulsion of gases, complete occlusion of the lumen by intestinal accident, pyloric or
ileocecal valve obstructions, and engorgement of solid or liquid foods. Fluids and to
lesser extent gas, accumulate because of their failure to pass along the tract. Much of
the accumulated fluid represents saliva and gastric and intestinal juices secreted during
normal digestion. Distension causes pain and, reflexly, increased spasm and motility
of adjoining gut segments. Distension also stimulates further secreation of fluid into
the lumen of the gut and this exaggerates the distension. When the distension passes a
critical point, the ability of the musculature of the wall to respond diminishes, the
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initial pain disappears, and a state of paralysis develops in which all muscle tone is
lost.

An immediate effect of distension of the stomach or small intestine by the
accumulation of saliva and normal gastric and intestinal secretions stimulates further
secretion of fluid and electrolytes in the oral segments. The stimulation is self-
perpetuating and creates a vicious cycle resulting in loss of fluid and electrolytes to the
point where fatal dehydration can occur. The dehydration is accompanied by acidosis
or alkalosis depending on whether the obstruction is in the intestine and accompanied
by loss of alkali, or in the stomach and accompanied by heavy loss of acid radicals.
The net effect is the same whether the fluid is lost by vomiting or is retained in the gut.
The same cycle of events occurs in camels which engorge on grains but here the
precipitating mechanism is not distension but a gross increase in osmotic pressure of
the ingesta due to the accumulation of lactic acid. Dehydration is also of major
importance in diarrhea irrespective of the cause. An important additional factor in the
production of shock, when there is distension of alimentary segments, is a marked
reflex depression of vasomotor, cardio-vascular and respiratory function. In calf
diarrhea where there is neither septicemia nor toxemia caused by bacteria, the end
point in the phase of dehydration can be cardiac failure due to severe metabolic
acidosis. Renal ischemia leading to Uremia may result from decreased circulating
blood volume and also contribute to a fatal outcome.

In a number of circumstances, the activity of the flora in the stomach of
camels can be modified so that digestion is abnormal or ceases. Failure to provide the
correct diet, prolonged starvation or inappetence, and hyperacidity which occurs in
engorgement on grains, all result in impairment of microbial digestion. The bacteria,
yeasts and protozoa may also be adversely affected by the oral administration of
antibiotics and sulphonamides, or drugs which drastically alter the pH of the rumen
contents.

EXAMINATION OF THE DIGESTIVE SYSTEM

Radiological examination is difficult in camels. Imaging by ultrasound is
mainly practiced technique for pregnancy diagnosis and the detection of certain
reproductive lesions.

External palpation of the abdomen is of limited value in camels and is
replaced by rectal palpation and auscultation. Attempts to pass a stomach tube may
detect complete or partial obstruction of the esophagus. Fiber optic gastroendoscopy
may be of value in diagnosing stomach lesions.

Examination of the feces may provide valuable information on the digestive
and motor functions of the tract. They should be examined for volume, consistency,
form, color, covering, odor and composition. Note should be made of the frequency
and the time taken for material to pass through the tract. Laboratory examination may
be advisable to detect the presence of helminthic eggs, occult blood, bile pigments,
pathogenic bacteria or protozoa. It is usually sufficient to say that the volume is
scanty, normal or copious but, in special circumstances, it may be advisable to weigh
the daily output. There is an increased bulk when much fiber is fed or during attacks of
diarrhea. The stool of the dromedary camel is passed in irregularly shaped pellets. A
medium-sized female may void pellets that range is size from 15 x 15 x 15 to 20 x 25
x 25 mm. A large male may pass pellets as large as 25 x 30 x 35 mm (Fowler, 1991).
There is considerable variation in the consistency of feces, depending upon the nature
of feed, weather and water intake. The old world camels have the capacity to pass
totally dessicated feces when water intake is restricted. In the Arabian desert during
the summer, freshly passed feces can be used for fuel. Variation in consistency not
explainable by changes in the character of the feed may indicate abnormalities of any
of the functions of the tract. The consistency is more fluid in diarrhea and less fluid
than normal in constipation. The consistency and form of the feces may provide some
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indication of the location of the dysfunction of the gastrointestinal tract. In, general,
large quantities of fluid feces suggest a dysfunction of the small intestine where
normally most of the fluid is absorbed. If the feces contain large quantities of
undigested feed, this suggests overfeeding, incomplete mastication, and digestive
enzyme deficiency or an acute disorder of the small intestine or stomach. Large
quantities of soft feces which contain well digested ingesta suggest a dysfunction of
the large intestine. However, these are guidelines and are subject to error.

The color of the feces also varies widely with the color of the food, but feces
of a lighter color than normal may be caused by insufficient secretion of bile or by
simple dilution of the pigments as occur in diarrhea. Discoloration due to colored
medicaments should also be taken into consideration when the animal is under
treatment. Hemorrhage into the stomach results in the formation of acid hematin
which gives vomitus a dark brown color and feces a black or very dark brown, or tarry
appearance. The change in the appearance of the feces caused by hemorrhage into the
bowel varies with the level at which the hemorrhage occurs. If the blood originates in
the small intestine, the feces may be brown-black, but if it is in the colon or cecum, the
blood is unchanged and gives the feces an even red color. Hemorrhage into the lower
colon and rectum may cause voiding of stools containing or consisting of entirely clots
of whole blood. Hemorrhages in the pharynx is unusual, but when it occurs the blood
may be swallowed and appear in the vomits or feces. In case of doubt regarding the
presence or absence of hemorrhage the laboratory should be consulted.

Odor also depends largely on the nature of the feed eaten by the camel, but
in severe enteritis the odor is characteristic of putrefaction. In the camels feces there is
always a proportion of undigested fiber but excessive amount of it suggests,
incomplete digestion due to, for example bad teeth or faulty mastication. Excessively
pasty feces are usually associated with a prolonged sojourn in the tract such as occurs
in vagal indigestion or abomasal displacement. Forgein material of diagnostic
significance includes particles of sand or gravel, wood, and shreds of mucosa. Mucous
is a normal constituent of feces, but if in excessive amount, indicates chronic
inflammation (when it is associated with fluid and copious feces), or constipation
(when the feces are small in volume and hard). Mucosal shreds or casts always
indicate inflammation.

Frequency of defecation and the length of sojourn are usually closely allied.
An increase in frequency and decreased sojourn occur in diarrhea and reverse in
constipation.

Observation of other acts associated with the function of the alimentary tract
may provide information of diagnostic value. Prehension, mastication, swallowing,
vomiting and defecation should be observed and attempts should be made to analyze
the behavior of the camel when there is evidence of abdominal pain.

Collection of a sample of peritoneal fluid is the most useful aid in the
diagnosis of diseases of peritoneum and the abdominal segment of the alimentary
tract.

Normal peritoneal fluid is a transudate and has functions similar to those of
other tissue fluids. It contains mesothelial cells, lymphocytes, neutrophils, a few
erythrocytes and occasionally monocytes and eosinophils. The peritoneal fluid should
be examined for its physical characteristics (especially color, translucence, specific
gravity and clotting time), biochemical composition, and cellular constituents.

The examination of the fluid may help in determining: peritonitis (chemical
or infectious), infarction of a segment of gut wall, perforation of the alimentary tract
wall, rupture of the urinary bladder, leakage from the biliary system, intraperitoneal
hemorrhage and peritoneal neoplasia.

The inflammatory reaction of the peritoneum varies with time and a single
examination can be dangerously misleading. A series of examinations may be
necessary, in acute cases at intervals as short as an hour. A significant reaction in a
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peritoneal cavity may be quite localized and a sample of fluid collected at one point in
the cavity may not be representative of the entire cavity.

Normal peritoneal fluid is crystal clear and straw to yellow in color.
Turbidity indicates the presence of increased leukocytes and protein, which may
include fine strands of fibrin. A green color of the peritoneal fluid suggests leakage of
food material, intense orange-green color indicates rupture of biliary system. Pink to
red color indicates presence of hemoglobin, degenerated or intact erythrocytes, entire
and damaged vascular system by infarction, perforation or insrease in hydrostatic
pressure. Red brown color indicates the late stages of necrosis of the gut wall and the
presence of degenerated blood and damage to gut wall. The blood is likely to be
concentrated if there has been sufficient time for fluid resorption from the peritoneum.
Spleenic blood has a higher packed cell volume also, but there is no
erythrophagocytosis. A packed cell volume of less than 5 % in peritoneal fluid
suggests extravasation of blood from an infarcted or inflammed gut; one of greater
than 20 % suggests a significant hemorrhage.

A high specific gravity and increase in protein content of peritoneal fluid are
indicative of vascular damage and leakage of plasma protein as seen in peritonitis or
mural infarction.

The presence of whole blood, or clear peritoneal fluid streaked with blood, or
heavily blood stained fluid indicate that the sample has been collected from the spleen,
a blood vessel, or that there is hemoperitoneum due to rupture of uterus or bladder, or
from dicoumarol poisoning.

An increase in total white cell count of the fluid including a disproportionate
number of polymorphonuclear cells indicate the presence of acute inflammation of
infectious origin, or it can be sterile. An increase in mononuclear phagocytes in the
peritoneal fluid is an indication of chronic peritonitis. Degenerative changes in the
neutrophils gives estimation of the probability of infection. An increase in the
mesothelial cells with the distinctive presence of actively dividing mitotic figures
suggests neoplasia. Bacteria found as phagocytosed inclusions in the leukocytes or by
culture of fluid indicate infective peritonitis which may arise by hematogenous spread
in which case the infection is likely to be a specific one. If there has been leakage from
peritoneal abscess the same comment applies, but if there is leakage through a segment
of devitalized wall or a perforated wall there is likely to be a mixed infection.

A dark green sample, containing motile protozoa, with very few leukocytes
and no mesothelial cells indicates that the sample has been collected from the gut
lumen.

DISEASES OF THE BUCCAL CAVITY AND ASSOCIATED ORGANS

DISEASES OF THE LIPS

The lesions of contagious ecthyma and pox, on the lips, are common in
camels (Ali et al. 1991). It was believed that vesicles of ecthyma were not contagious
and occurred due to damage done by thorny plants (Borisovich and Orekhov, 1966).
Later it was realized that the thorny plants damaged the lips, allowing transmission of
the parapoxvirus (Buchnev et al., 1987). Cases of papillomatosis of the muzzle in
dromedary camel have also been reported (Wernery, 1995). Moussa et al. (1987) in
Egypt have shown that dromedaries are susceptible to foot and mouth disease and the
authors described ruptured vesicles ulceration on the upper lips. There is no report
regarding the presence of lesions of blue tongue, rinderpest, malignant catarrhal fever,
and mucosal disease in dromedary camels.

In older animals, the lower lip often sags away from the mandible when not
involved in prehension. It flaps rhythmically as the animal runs. At times, it may fold
back under the chin (Manefield and Tinson, 1996). This should not be confused with
paralysis of lower lip as is observed in rabies and a paralysis of unknown etiology,
recognized as a disease syndrome in India (Purohit et al., 1988). Trauma to the side of
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the head can result in unilateral lip paralysis. Tranquilization will also result in
drooping of lower lip. There is frequent loss of hair from the muzzle in camels that
have continuous access to mineral licks. Lips of fighting males are frequently injured.

STOMATITIS

Stomatitis is inflammation of the oral mucosa and includes glossitis
(inflammation of lingual mucosa), palatitis (lampas) and gingivitis (inflammation of
the mucosa of the gums). Clinically it is manifested by partial or complete loss of
appetite, smacking of the lips and profuse salivation. It is commonly an
accompaniment of systemic disease. Stomatitis may be caused by physical (trauma
while dosing, forgien body injury, malocclusion of teeth, sharp awns or spines on
plants), chemical (Irritant drugs administered in over strong concentrations, e.g.,
chloral hydrate, counter irritants applied to skin, left unprotected and licked by the
camel, irritant substances administered by mistake including acids, alkalies, phenolic
compounds, manifestation of systemic poisoning, e.g., chronic mercury, furazolidone
and some fungi cause a combination of focal hemorrhages and necrotic ulcers and
erosions), or infectious agents (actinobacillosis, actinomycosis, secondary bacterial
infection, camel pox and mycosis), the latter being the largest group of causes. Some
times in extreme conditions nutritional deficiencies can also cause stomatitis.

Clinical Findings

The clinical signs of stomatitis are caused by the inflammation or erosion of
the mucosa and they vary in severity with the degree of inflammation. There is partial
or complete anorexia and slow, painful mastication. Chewing movements and
smacking of the lips are accompanied by salivation, either frothy and in small
amounts, or profuse and drooling if the camel does not swallow normally. The saliva
may contain pus or shreds of necrosed epithelium. A fetid odor is present on breath
only if the bacterial invasion has occurred. The latter can also result in enlargement of
the local lymph nodes. Swelling of the face can also occur if the deeper tissues are also
invaded by microorganisms. An increased desire for water is apparent and the camel
resent manipulation and examination of the mouth.

The local lesions vary greatly depending upon the causative agent. Vesicular
lesions are usually thin walled, 1-2 cm in diameter, and filled with clear serous fluid.
The vesicles rupture readily to leave sharp-edged, shallow ulcers. Usually discrete
areas of necrosis, which are not readily seen in the early stages, tend to occur most
commonly on the lingual mucosa and at the commissures of the mouth. The necrotic
tissues may remain in situ but are usually shed leaving a very shallow discontinuity of
the mucosa with a dark-red base which is more readily seen. If recovery occurs, these
lesions heal very quickly. Ulcerative lesions penetrate more deeply to the lamina
properia.

Catarrhal stomatitis is manifested by a diffuse inflammation of the buccal
mucosa and is commonly the result of direct injury by chemical a physical agents.
Mycotic stomatitis usually takes the form of heavy, white, velvety deposits with little
obvious inflammation or damage of the mucosa. Lesion of the camel pox constitute
the formation of pustules on the oral mucosa with the simultaneous presence of
pustules on the other parts of the body

The lesions of the stomatitis are produced either by the causative agents
being applied directly to the mucosa, or gaining entrance to it by way of minor
abrasion, or by localization in the mucosa from a Viremia. In the first two instances,
the stomatitis is designated as primary. In the third, it is usually described as secondary
because of the common occurrence of similar lesions in other organs or on the other
parts of the body, and the presence of systemic disease.

The differential diagnosis of stomatitis is important because of the
occurrence of oral lesions in a number of highly infectious viral diseases.
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The material collected (swabs or scrapings) from lesions of stomatitis should
be sent to the laboratory for the presence of pathogenic viruses, bacteria, and fungi.
Complete necropsy examination should be carried out on all fatally affected camels to
determine whether the oral lesions are primary or local manifestation of a systemic
disease.

Treatment

Affected camels should be isolated and fed and watered from separate
utensils, if an infectious agent is suspected. Specific treatments are dealt with each
specific disease. Non-specific treatment should consist of frequent application of a
mild antiseptic such as 2% solution of copper sulfate, 2% suspension of borax or 1%
suspension of sulfonamide in glycerin. Undolent ulcers require more vigorous
treatment and respond well to curettage or cauterization with a silver nitrate stick or
tincture of iodine. In all cases, soft, appetizing feed should be offered. Intravenous
saline glucose should be administered in severe, and prolonged cases.

DISEASES OF TEETH
All of the dental problems seen in ruminants have been seen or are potential
problems in camels. The conditions include dental plaque, pigmentation of the teeth,
alveolar periostitis, pulpitis, fracture of the incisors and canines, fracture of the
mandible, sharp enamel points caused by malocclusion, excessive wear, elongated
teeth associated with superior bradygnathism, dental fistula, and other developmental
defects causing malocclusion (Kumar et al., 1977; Shabaan et al., 1981; Fowler, 1991).

Clinical Findings

The signs of dental problems include inappetence, weight loss, abnormal
chewing, dropping of cud, swelling over the dental roots, mandibular fistulae, and
sinusitis (molar roots are contiguous to the maxillary sinus).

Treatment

Plaque will rarely interfere with oral function and will not require removal
unless it is causing gingivitis. Pulpitis and alveolar periostitis will necessitate
extraction or repulsion of the tooth. If dental fracture opens the pulp cavity, a
pulpotomy may be done. If the pulp has become infected, the tooth should be
removed. Elongated teeth may be cut off with a circular saw or an obstretic wire.

CHEEK IMPACTION

A bolus of hay may occasionally impact between the cheek and the last back
molars resulting in a circumscribed unilateral local swelling. Use of suitable mouth
gag and dislodgment attempted through some long instrument is recommended.
Sedation may also be required.

EPULIS

A fibrous epulis (a pedunculated growth about 12 mm in diameter),
originating from mucous membrane of the dental pad near the corner incisor tooth.
This growth of rare occurrence in camels can be removed surgically (Manefield and
Tinson, 1996).

PAROTITIS
Parotitis is inflammation of any of the salivary glands.

Etiology

Parotitis may be paranchymatous when the glandular tissue is diffusely
inflammed or it may be local suppurative process. There are no specific causes in
camels, cases occurring only sporadically and due either to localization of a blood
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borne infection, invasion up the salivary ducts associated with stomatitis, or irritation
by grass awns in the duct.

Clinical Findings

In the early stages, there is diffuse enlargement of the affected gland
accompanied by warmth and pain on palpation. The pain may interfere with
mastication and swallowing. There may be marked local edema in severe cases.
Diffuse paranchymatous parotitis usually subsides with systemic and local treatment
within a few days but suppurative lesions may discharge externally and form
permanent salivary fistulae.

Careful palpation is necessary to differentiate the condition from
lymphadenitis, abscesses of the throat region, and metastasis to the parotid lymph node
of a malignant neoplasm. A needle may be inserted into the fluctuant swelling to
establish the presence of an exudate, serum, or blood.

Treatment

Systemic treatment with sulphonamides or antibiotics is required in acute
cases especially if there is a systemic reaction. Abscesses may require draining and, if
discharge persists, the administration of enzymes either parenterally or locally may be
necessary. A salivary fistula is common sequel.

DISEASES OF THE DULLA, PHARYNX, AND ESOPHAGUS

TRAUMATISATION OF DULLA

The Dulla is frequently injured by the camel’s own canine teeth, by other
camels while fighting, or by thorns and wires etc. The signs may include edema,
perforation, and hematoma depending upon the causal agent and degree of trauma
(Gahlot and Chouhan, 1992). Infection mostly supervenes, the Dulla may not be
drawn back and due to compression of blood vessels necrosis and gangrene may
follow (Gahlot et al., 1988; Bhargava, 1973). If the inflammed Dulla is retracted in the
mouth, it causes hindrance to normal breathing.

The injured Dulla should be cleaned and painted with some suitable
antiseptic e.g. glycerin, as soon as possible after injury. It should be tried to keep it
inside the mouth by applying net on the muzzle. Antibiotics and anti inflammatory
drugs may be given by injection for 5 days. In the case of necrosis and chronic
conditions, amputation of the Dulla is recommended. In racing camels, Dulla is
sometimes surgically removed, as it is believed that it causes hindrance to increased
demand for respiration and poor racing performance.

IMPACTION OF DULLA

The food sometimes becomes impacted in the Dulla. The size of impaction
may sometimes go up to the size of a football. The mass is very hard to touch. If the
mass is not very large, it should be moved backwards and then forwards. In the case of
larger mass, the resection of the organ is required. The surgery should be done under
general anesthesia. Tracheotomy should also be done before resection.

Abscess formation and development of fibroma has also been reported to
occur in camels (Barvalia et al, 1998; Gahlot, 1986; Vashishtha et al., 1980).

PHARYNGITIS

Pharyngitis is inflammation of the pharynx and is characterized by
coughing, painful swallowing, and lack of appetite. Regurgitation through the nostrils
and drooling of saliva may occur in severe cases.
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Etiology

The distensible part of soft palate of male camels is more prone to injury as
compared to other farm animals. Pharyngitis in camels is usually traumatic in origin.
Infectious pharyngitis is part of the syndrome with other more obvious signs. The
trauma being caused by balling or drenching gun, foreign bodies including grass and
cereal awns, wire etc and accidental administration or ingestion of irritant, hot, or cold
substances. Infectious pharyngitis may be caused by acute or chronic bacterial
infections, especially those of the respiratory system.

Fixing of mouth contraption after sedation of camel perior
to amputation of dulla

The dulla after amputation
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Clinical Findings

Signs of pharyngitis include anorexia, weight loss, nasal discharge,
coughing, fluctuant swelling behind the ramus of the mandible, extended head, pain
response to palpation to the throat region, and hyperemia of the mucous membrane
when examined with a laryngoscope or endoscope. Pharyngitis may lead to necrosis
of ‘DULLA’ in the camels (Aggarwal and Nanda, 1930).

Treatment

Soft palatable feed should be given to the animal. If the camel is unable to
drink water suitable quantities of saline glucose should be given intravenously.
Parenteral antibiotics may also be given when indicated.

PHARYNGEAL OBSTRUCTION

Foreign bodies including bones, corncakes and pieces of wire and tissue
swellings (lymphadenopathy, abscesses, actinobacillosis, neoplasms) are the usual
causes of pharyngeal obstruction (Bhargava, 1973). Impaction of distensible part of
the soft palate (Dulla) by feed, in excited males have also been reported to cause
obstruction (Ramadan and Abdin Bey, 1987). A syndrome has been observed in
camels in which there is mild fever, salivation, repeated swallowing movements and
swollen mandibular, and parotid lymph glands. In this condition pharyngitis/tonsillitis
has not been confirmed by endoscopy. The condition responds well to antibiotics plus
cortisone treatment (Manefield and Tinson, 1996).

Clinical Findings

There is difficulty in swallowing and camels may be hungry enough to eat
but, when they attempt to eat and swallow cannot do so and the food is coughed up
through the mouth. Drinking is usually managed successfully. There is no dilatation
of the esophagus and usually no regurgitation. There is difficulty in breathing. Manual
examination of the pharynx may reveal the nature of the lesion but an examination
with a fiber optic endoscope is likely to be much more informative.

Treatment

Removal of the foreign body may be accomplished through the mouth.
Treatment of actinobacillary lymphadenitis with iodides is usually successful.
Parenteral treatment of abscesses with antibiotics may effect a cure. Surgical
treatment has been highly successful in cases caused by medial retropharyngeal
abscesses.

PHARYNGEAL PARALYSIS
Pharyngeal paralysis is manifested by inability to swallow, absence of signs
of pain, and respiratory obstruction.

Etiology

Pharyngeal paralysis occurs sporadically in peripheral nerve injury due to
trauma of the throat region and in some encephalitides with central nervous system
lesions (rabies, botulism etc.).

Clinical Findings

Inability to swallow and regurgitation are the major manifestation of the
disease. The animal is usually hungry but, on prehension of food or water, attempts at
swallowing are followed by dropping of the food from the mouth, coughing and the
expulsion of food or its regurgitation through the nostrils. Salivation occurs constantly
and swallowing cannot be stimulated by external compression of the pharynx. The
signs depend upon the nerves involved and the degree of involvement. There is rapid
loss of condition and dehydration. Clinical signs of the primary disease may be
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evident but, in case of primary pharyngeal paralysis, there is no systemic reaction.
There may be an associated laryngeal paralysis accompanied by roaring. Pneumonia
may follow aspiration of food material into the lungs and produces loud gurgling
sounds on auscultation. Complete pharyngeal paralysis is usually permanent and fatal.

Treatment

Treatment is unlikely to have any effect. Fomentation could be attempted.
Intravenous infusions of saline glucose may be tried if disappearance of the paralysis
seems probable.

ESOPHAGITIS
It is rare in camels.

Etiology

Primary esophagitis, may be caused by the ingestion of chemical or physical
irritants. It is usually, accompanied by stomatitis and pharyngitis. Laceration of the
mucosa by a foreign body. Passing of probe of endoscope or probang may cause
esophagitis unaccompanied by lesions elsewhere. Inflammation of the esophagus
occurs commonly in many specific diseases, particularly those which cause stomatitis,
but the other clinical signs of these diseases over shadow those of the esophagitis.

Clinical Findings

In acute stages there is salivation and attempts of swallowing cause severe
pain. In some cases, swallowing is impossible and attempts to do so are followed by
regurgitation, coughing, retching movements, and vigorous contractions of the
cervical and abdominal muscles. In case of the involvement of the cervical region,
palpation in the jugular furrow causes pain and the swollen esophagus is palpable.
Camels that recover from esophagitis are commonly affected by chronic esophegeal
stenosis with distension above the stenosis. If perforation has occurred, there is local
pain and swelling and often crepitus. Local cervical cellulitis may cause rupture to the
exterior and development of an esophageal fistula, or infiltration along fascial planes
with resulting compression obstruction of the esophagus, and toxemia. Perforation of
the thoracic esophagus may lead to fatal pleuritis.

Treatment

Food should be withheld for 2-3 days and the camel may need to be fed
intravenously during this period. Parenteral antibiotics should also be given.
Refeeding of the animal should be started gradually by soft moist feed and the animal
be monitored carefully.

ESOPHAGEAL OBSTRUCTION

Obstruction of the esophagus is less common in camels than in equines and
bovines because of the ability of camels to regurgitate freely. The camels have more
voluntary control of the esophagus than equines. However, choke has been observed
in camels. Obstruction may be partial or complete. Any forgein body that becomes
lodged in the esophagus will initiate muscular contractions with the purpose of
moving the object one way or the other. If neither peristaltic nor antiperistaltic action
is ineffective, the end result may be a spasm on either side of the obstruction, leading
to partial or complete obstruction.

Etiology

In camel, various feed items such as turnips, carrots, potatoes, rubber ball,
cloth, plastic, rough dry feed etc. have become lodged in the esophagus. The problem
usually aries when a greedy animal takes a mouthful of feed and attempts to swallow
it without chewing. Obstruction can also result because of external pressure on the
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esophagus by surrounding organ or tissue such as neoplastic lymph node in
mediastinum or at the base of the lung.

Clinical Findings

In the choke the behavior of the camel is altered. The animal feels
discomfort. The signs could be confused with colic. There is retching, coughing,
dysphagia, head shaking, salivation, and nasal discharge. If the animal keeps eating,
food may be packed in the pharangyeal area and subsequent retching may drive feed
particles into the nasopharynx and out through nose. Aspiration pneumonia may
supervene.

The obstruction may lodge any where from the origin of esophagus to
cardiac end of rumen. The common area of obstruction is the caudal cervical region
where the first pair of ribs and the trachea restricts passage space (Manifield and
Tinson, 1996). Obstruction in the cervical region can be seen as a swelling.
Radiography or fluoroscopy may do diagnosis of obstruction.

Obstruction of plastic bag in the esophagus of a four month old
camel calf confirmed by fluoroscopy

The acute signs, other than, bloat, usually disappear within a few hours. This
happens due to relaxation of the initial esophageal spasm and may or may not be
accompanied by onward passage of obstruction. Many obstructions pass on
spontaneously but others may persist for several days. In these cases, there is inability
to swallow, salivation and continued bloat. Persistent obstruction causes pressure
necrosis of the mucosa and may cause perforation or subsequent stenosis of
esophagus.



Chapter 2 : Digestive System 24

Removal of the plastic bag from the esophagus

Treatment

Spasmolytics (atropine sulfate 16-32 mg, hyosin compound) should be given
to relax the esophageal musculature and hopefully, allow peristaltic activity to
resume. Analgesics may be given. The passage of probang is usually necessary to
locate obstruction low down in the esophagus. Gentle attempts may be made to push
the obstruction onward by stomach tube but care must be taken to avoid damage to
the esophageal mucosa. The tube should be well lubricated with liquid paraffin.

Solid obstruction in the upper esophagus may be reached by a long piece of
wire bent into a loop, which may be passed over the object and an attempt made to
pull it up into the pharynx.

Accumulation of particulate material in the lower part of the esophagus is
more difficult to remove. Small quantities of warm saline with some extract of
balladonna should be introduced through a stomach tube passed to the obstruction and
then siphoned out. This should be repeated several times. In case of failure surgical
removal of the obstructing object should be attempted.

The animal must not be given food and water until obstruction is removed.

ECTASIA

One case of ectasia has been reported in a 6-year old camel (Bolbol, 1992).
The animal had a fusiform swelling in the upper third of the neck (at the level of 4--5%
cervical vertebrae) seen on radiograph. It was believed that a previous episode of choke
had damaged the nerve supply to the dilated paralysed section of the esophagus. The
condition was tried to correct surgically, which failed due to excessive tissue damage.

DYSPHAGIA SYNDROME

Difficulty in swallowing can occur in affections of the throat and
esophagus. A syndrome has been observed in camels in which there is mild fever,
salivation, repeated swallowing movements, and swollen mandibular and parotid
lymph nodes. Signs of pharangitis and tonsillitis are not observed. The condition
responds well to antibiotics and corticosteroids (Manefield and Tinson, 1996).



Chapter 2 : Digestive System 25

DISEASES OF THE FORE STOMACHS

SIMPLE INDIGESTION

Simple indigestion occurs commonly in racing camels and is
characterized by inappetence, anorexia, decreased ruminal movements and
abnormal feces. The feces may be scanty or voluminous and diarrhetic.

Etiology

The disease is common in racing camels, because of variability in quality
and quantity of food consumed. It is not common in grazing camels. The condition
is caused by minor dietary abnormalities including dates, milk, succulent roughages
like alfa alfa, moldy feeds, and moderate excess of grain and concentrate intake.
Cases occur under excellent feeding regimens and are usually ascribed to
overfeeding with grain.

Depraved appetite may also contribute to the ingestion of unusual feed
material, which can lead to indigestion. It has also been observed that limitation of
the available drinking water compel desert camels to come to rural/industrial areas
where they can have access to kitchen thresh and unhygienic water. Forced feeding
of racing camels can also be considered as a cause of indigestion.

Prolonged and heavy oral dosing with sulphonamides and antibiotics may
cause indigestion due to inhibition of the normal ruminal flora and unusual feeding
of a special diet to make the camel run fast. Changes in the pH of its contents
markedly affects the motility of the rumen and in most of the cases an increase in
the acidity is probably of importance. Atony which occurs after feeding on
damaged feeds may have the same basis or be due to other unidentified agents in
the food. The simple accumulation of indigestible food may physically impede
ruminal activity. Putrefaction of protein may also play a part in the production of
atony. The toxic amides and amines produced may include histamine which is
known to cause ruminal atony.

Clinical Findings

A reduction in the appetite is the first sign and is followed by depression
and dullness. Rumination ceases and the ruminal movements are depressed in
frequency and amplitude and sometimes are absent. There may be moderate
tympany. The feces are usually reduced in quantity and are drier than normal on the
first day. However, 24-48 hours later the camel is commonly diarrhetic. The feces
are softer than normal, voluminous and commonly smells very bad. Animal may
show signs of colic. There may be vomiting as well. When vomiting, a camel will
lower its head and neck and by increased intra abdominal pressure, with or without
the assistance of ruminal contraction, eject ruminal contents through the esophagus.
As the material reaches the mouth the head and neck are shaken and flicked up
resulting in the ingesta being scattered in all directions (Manefield and Tinson,
1996).

In the indigestion of short duration there is no systemic reaction.
However, if the condition persist the camel exhibits muscle weakness, twitching,
incoordination, frequent falling, blindness and inability to rise.

Clinical Pathology

Examination of the urine for ketone bodies is usually necessary to
differentiate indigestion from acetonemia.

Two simple laboratory tests have been introduced to assess the activity of
ruminal flora. (a) Sediment activity test. It is carried out on aspirated ruminal fluid
strained to remove coarse particles. The strained fluid is allowed to stand in a glass
vessel at body temperature and the time required for floatation of the particulate
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material recorded. The time in normal animals varies between 3 minutes, if the
animal has just been fed and 9 minutes if the last feeding has occurred some time
previously. Settling of the particulate material indicates gross inactivity, less
severe degree being manifested by prolongation of the time required for floatation.
(b) Cellulose digestion test depends upon the time required to digest a thread of
cotton. A bead is tied to the end of the thread to indicate when separation occurs.
Digestion time in excess of 30 hours indicate abnormality.

Simple indigestion must be differentiated from all of the diseases of
forestomachs and abomasum in which ruminal atony is common clinical finding,
and from diseases of other body systems which cause secondary ruminal atony
(septicemia, toxemia, and acetonemia).

Treatment

For the most part treatment is symptomatic, consisting primarily of the
use of rumentoric drugs. Parasympathetic stimulants are widely used as
rumenatorics, but they have many side effects, their action is transitory, and the
large doses depress rumen activity. Carbamylcholine chloride, physostigmine and
neostigmine are most commonly used as rumentoric drugs. The latter is the most
effective and should be given at a dose rate of 2.5mg/ 45 kg body weight. Epsom
salt (0.5-1.0 kg per adult camel) is also helpful. Alkalizers, such as magnesium
hydroxide at a rate of 400 gm per adult camel when the rumen contents are acidic
is helpful. Patent antacids, given according to the directions of the manufacturer
usually give good results. Care must be taken that the animal may not regurgitate
the medicine. This can be avoided to hold head up in crouch position after
medication.

In the case of prolonged anorexia reconstitution of the flora by the use of
cud transfers is highly effective. If the camels show nervous signs injection of
thiamine is very effective.

ACUTE CARBOHYDRATE ENGORGEMENT (ACIDOSIS)

An ingestion of large amounts of highly fermentable carbohydrate rich
feed cause an acute disease due to the excessive production of lactic acid in the
rumen. Clinically, the disease is characterized by severe dehydration, ruminal
stasis, weakness, recumbency, and high mortality rate.

Etiology

The sudden ingestion of large quantities of carbohydrate rich feed, such as
grain, dates, jaggery (Gur), bread, dough, sugar beet etc. is the main cause of this
condition. The type and level of ration consumed by a ruminant affects the number
and species of bacteria and protozoa in the rumen, when a change from one ration
to the other occurs, a period of microbial adaptation is required which is variable.
Animals which are on low carbohydrate level ration are thus considered to be most
susceptible to a rapid change because satisfactory adaptation cannot occur quickly
enough, but instead there is the rapid onset of abnormal fermentation.

There is marked increase in the number of Streptococcus bovis, which
utilize the carbohydrate to produce large quantities of lactic acid. In the presence of
a sufficient amount carbohydrate (a toxic or a lethal dose) the Streptococcus bovis
will continue to produce lactic acid which decreases the rumen pH down to 5 or
less, at which point the cellulolytic bacteria and protozoa are destroyed. The lactic
acid in the rumen has been considered to be intermediate step in the formation of
soluble sugars (Balch and Rowland, 1957; Baldwin et al., 1963; Hungate, 1966;
Walker, 1968), and starch (Schulam and Valentino, 1976) which get, converted
predominantly to propionic acid or acetic acid. Higher rate of lactic acid absorption
in the blood leads to acidemia (Heuter et al., 1956). Lactic acid concentration from
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0.7 - 11.37 mg/100 ml in the ruminal liquor before feeding is considered normal
(Bhatia, 1983).

The concentration of volatile fatty acid (VFA) is also increased initially
and contributes to the fall in ruminal pH. The low pH allows the lactobacilli to use
the large quantities of carbohydrate in the rumen to produce excessive quantities of
lactic acid, which markedly increase ruminal osmolarity and water is drawn in from
the systemic circulation causing hemoconcentration and dehydration.

Severe ruminal acidosis after ingestion of large amount of barley

As the ruminal pH is lowered, the amplitude and frequency of ruminal
movements are decreased and at about a pH of 5 there is complete ruminal stasis.
There is evidence that the increased molar concentration of butyrate causes the
ruminal stasis and not the lactic acid. The ruminal stasis could also be due to lactic
acid entering the duodenum and exerting a reflex inhibitory action on the rumen
(Blood and Radostits, 1989). The diarrhea is considered to be due to the reduction
in net absorption of water from the colon.

The high concentration of lactic acid in the rumen is considered to be the
cause of the chemical rumenitis, which later on is followed by mycotic rumenitis in
those which survive, about 4-6 days later. The low pH of the rumen favors the
growth of Mucor, Rhizopus and Absidia spp., which multiply and invade the rumen
vessels, causing thrombosis and infarction. Widespread necrosis and gangrene may
affect the entire ventral half of the ruminal walls and leads to the development of an
acute peritonitis. The damage to the viscera causes complete atony and this,
together with toxemia resulting from the gangrene, is usually sufficient to kill the
animal.
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Abomasum full of blood-mixed barley
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In uncomplicated chemical rumenitis the ruminal mucosae will slough
and heal with scar tissue and some mucosal degeneration. In this connection, the
pathogenesis of hepatic abscesses is considered to be the result of a combination of
factors. Rumenitis caused by lactic acidosis allows Fusobacterium necrophorum,
Actinobacillus, and Corynebacterium pyogenes to enter directly into ruminal
vessels and spread to the liver, which may have under gone injury from the lactic
acidosis . Severe diffuse coagulative necrosis and hyperplasia of the bile duct
epithelium and degeneration of renal tubules may also be present histologically
(Nauriyal et al., 1978).

Several toxic substances other than lactic acid have been proposed as
contributory to the disease. Increased concentration of histamine have been found
in the rumen of experimentally engorged cattle. Histamine is not absorbed from the
rumen except at abnormally high pH values, but is absorbed from intestines.
Laminitis occurs in some cases of rumen over load. Other substances, which have
been recovered from the rumen in grain over load, include a suspected endotoxin,
ethanol and methanol (Blood and Radostits, 1989). Clostridium perfringens and
coliform bacteria have also been found in increased numbers but their significance
is not known. The electrolyte changes which occur include a mild hypocalcemia
due to temporary malabsorption, loss of serum chloride due to sequestration in the
rumen and an increase in serum phosphate due to renal failure.

Experimental disease has been produced in camels by feeding jaggery (a
byproduct of sugarcane) and the changes similar to the natural disease were
observed (Lal, et al., 1994). Changes in the cellular and biochemical composition of
the cerebrospinal fluid suggests that blood-brain barrier may be affected.

Clinical Findings

The clinical symptoms observed in camels are almost similar as in other
ruminants except evening body temperature is elevated (Lal et al., 1994). The other
manifestations observed in camel are dullness, lack of rumination, anorexia and
reduced water intake. The passages of loose semi-solid feces dark brown in color
may follow by profuse diarrhea and dehydration. Kernels of grain may be seen in
feces. Regurgitation (vomiting), profuse salivation and lacrimation, colic, grinding
of teeth, and ruminal stasis are signs of acute disease. Extreme depression, and
increased respiration (10-12 per minute) and pulse rate (70-90/min) are also
observed. Oliguria, incoordination, muscular tremors, ataxia with reduced palpebral
reflexes, opisthotonous, recumbency, convulsions, coma and death may ensue. The
onset and severity of symptoms depends upon the kind and amount of feed
consumed.

The pH of the ruminal fluid obtained by stomach tube passed through
mouth can be measured in the field using wide-range pH indicator paper. The test
should be performed immediately because the pH will increase upon exposure to
air. The microscopic examination of a few drops of ruminal fluid on a glass slide
(with a cover slip) at a low power will reveal the absence of ruminal protozoa,
which is a reliable indication of an abnormal state of the rumen, usually acidosis.
The predominantly gram-negative bacteria of the rumen are replaced by gram-
positive ones.

Treatment

The attempt should be made to correct the ruminal acidosis and prevent
further production of lactic acid, restore fluid and electrolytes and restore
forestomach and intestinal motility. The camel should be prevented to further
access to feed responsible for acidosis, and provided no water for 12-24 hours. The
animal should be offered good quality hay one half of the daily requirement. The
animal should be exercised every hour for 12-24 hours. After 18-24 hours the
camels which have continued eating hay may be allowed free access to water.
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In severe cases, a rumenotomy is the best course of action. The rumen is
emptied, washed out with a siphon, examined for evidence of and the extent of
chemical ruminitis and a cud transfer (about 10 liters of rumen juice) is placed in
the rumen along with a few handful of hay. The systemic acidosis can be treated
with intravenous solution of 5 per cent sodium bicarbonate (at the rate of 5 liters for
a 450 kg animal given initially over a period of about 30 minutes). This should be
followed by isotonic sodium bicarbonate (1.3%) at 150 ml /kg body weight given
over the next 6-12 hours.

In less severe cases, an alternative to rumenotomy is rumen lavage. A
long rubber tube having inside diameter of about 20 mm is passed through mouth
into the rumen and warm water is pumped in, and then the rumen is allowed to
empty by gravity flow. The rumen may be almost completely emptied by 10-15
irrigations.

In moderately affected cases 500 g of magnesium hydroxide or
magnesium oxide per 450 kg body in 10 liters of warm water is given by mouth.
Simultaneously systemic acidosis should be treated by injecting Sodium
bicarbonate solution, intravenously.

Ancilliary treatment includes use of antihistamines, corticosteroids,
thiamine, and parasympathomimetics. Calcium borogluconate is also valuable.

OBSTRUCTION OF RUMEN

It is very frequent to see foreign bodies in the rumen of camels in
abattoirs and at necropsies (Fahmy et al., 1995). The racing camels are always
muzzled to prevent them from eating sand and feces etc., but the scavenger camels
eat many odd things like sand, gravel, garbage, rubber, ropes, plastic, plant fiber
balls (Phytobezoar), hair balls (Trichobezoars), cloth etc. Depending upon the size
and physical nature of the object they affect the ruminal function. These objects can
cause intermittent or permanent obstruction of the lumen of the rumen. In camels
the ruminal movements are such that almost all foreign bodies remain in the rumen
and generally don’t migrate to reticulum as is observed in cattle.

Clinical Findings

Clinical findings include persistent poor appetite, pica, and depressed
ruminal activity (normally 3-4 sounds of varying intensity are heard per minute).
Intermittent bouts of constipation are observed. Colic is also some times observed.
The clinician should exclude the possibilities of other chronic illness through
laboratory investigation. Many digestive tract disorders e.g., impaction of C-3,
ulceration of C-3, impaction of the intestines, tortion of the intestines, and uterine
tortion (Ramadan et al., 1986) produce similar signs.

Treatment
Lubricants such as liquid paraffin and purgatives such as magnesium
sulfate can help. The surgical removal by rumenotomy is the ideal treatment.

RUMINAL TYMPANY

Ruminal tympany is the over distension of rumen and reticulum with the
gases of fermentation, either in the form of persistent foam mixed with the rumen
contents (primary tympany or frothy bloat) or in the form of free gas separated
from the ingesta (secondary ruminal tympany).

Primary Ruminal Tympany or Frothy Bloat

In the primary ruminal tympany or frothy bloat there is production of
stable foam in which the gases of fermentation are entrapped. There is inability of
small gas bubbles to coalesce and hence the animal is not able to eructate. The bloat
results due to foaming qualities of the soluble leaf proteins in legumes and some
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forage crops. Feeding on very succulent rapidly growing legumes is the most
common cause of bloat. The disease can also occur by feeding young cereal crop,
cabbages, and leguminous vegetable crops including peas, beans and grains having
high protein. Feeding of finely ground grain also promotes frothiness of ruminal
contents.

Bloat-causing legumes are more rapidly digested by rumen
microorganisms than non-bloat-causing forages and the rupture of leaf mesophyll
cells leads to the release of chloroplast particles. Rumen microorganisms utilize
these particles and gas bubbles are trapped among the particles, which prevent
coalescence of bubbles by preventing drainage of rumen fluid from the liquid
lamellae between the bubbles. Finely ground grains act as medium for certain
bacteria, which produce insoluble slime. The resulting slime entraps the gases of
fermentation and bloat ensues. Variation in the susceptibility to bloat has been
observed in individual camels.

Secondary Ruminal Tympany

Secondary ruminal tympany or free-gas bloat occurs due to physical
obstruction to the eructation of gases of fermentation through esophagus. The
obstruction may be due to foreign body, stenosis or pressure exerted from outside
on the esophagus by enlarged lymph nodes or some other lesion. Lesion of the
vagus nerve may depress the gas eructation centre thus interrupting the reflex
responsible for removal of gases from the rumen. Normal tone and motility of the
musculature of the rumen and reticulum are also necessary for eructation. In
anaphylaxis, bloat occurs due to atony of the muscles of the forestomach, which
can be corrected by antihistamines and adrenaline. A sudden marked change in pH
(either alkalinity or acidity) can also cause atony.

Cinical Findings

The animal will commonly begin to bloat within one hour after eating
bloat-producing feed. The animals may bloat on the first day of feeding but more
commonly they bloat on the second and third days of feeding. In bloat, obvious
distension of the abdomen occurs suddenly, sometimes as soon as 15 minutes after
going on bloat producing forage. The whole abdomen becomes enlarged. The
animal feels discomfort frequently lies down and gets up, kicks at the belly or even
rolls. Dyspnea, accompanied by mouth breathing, salivation, and protrusion of
tongue is also seen. Vomiting and passage of liquid feces is also frequently
observed.

Treatment

The source of bloat producing forage should be abandoned. In very severe
cases rumenotomy is recommended. In less severe cases it is advised to tie a stick
in the mouth of the camel for the production of excessive amount of saliva, which
is alkaline and may assist in destabling foam. Drenching of non-toxic oil especially
a mineral one, not biodegradable, about 250 ml also helps. Passage of stomach tube
through mouth may also help to release free gases in the rumen. Oil containing a
detergent such as dioctyle sodium sulfosuccinate is preferred. Synthetic surfactant
‘poloxalene’ is very effective at dose rate of 25.5 g (leguminous bloat). Ethoxylates
are also very effective.

ABOMASITIS

Abomasitis is always observed in hemorrhagic disease in camels. It is also
seen in enterotoxemia, endotoxemia, and heavy parasitic infestation. Ideal
treatment is the use of antibiotics.
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ABOMASAL OBSTRUCTION

Feeding large quantities of unseeded dates is the most common cause of
impaction in the pyloric area. It can also be caused by ingestion of gravel, pieces of
cloths, plastics, etc., and granulomatous lesion. Abomasal obstruction is usually of
acute nature. The clinical signs are anorexia, abdominal distension particularly of
right flank, discomfort, inappetence, reduced output with reduction in pellet size.
Vomiting may occur after drinking water. Leukocytosis with neutrophilia and
hypokalemia is also observed. Some times rupture of the abomasum leads to
perforation and consequent peritonitis.

Some cases may respond to laxative treatment. Surgical removal of
obstruction may be attempted through a right paracostal incision under general
anaesthesia (Manefield and Tinson, 1996)

ABOMASAL ULCERS
Any of the stomach compartments may be affected, but they are relatively
common in the abomasum.

Etiology

The ulcers are seen in many specific diseases (such as clostridial
infections and hemorrhagic disease of camels), and are also observed in many local
infections of gastro-intestinal tract. They can also occur as primary ulcers. In this
case the etiology of the ulcer is not known in camels as seen in horses. The role of
stress in the causation of ulcers is unknown. The condition is observed in camels on
good, as well as, on poor diet. Some had been infested with parasites while some
were not.

Clinical Findings

Primary gastric ulcers are not usually diagnosed in the living camel. As
the condition is seldom diagnosed in the living camel no clinical signs have been
recorded, however, abdominal pain and anemia can be anticipated. Perforating
ulcers results in peritonits.

Colic — rolling on the ground, common finding in
young and old camels
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Treatment

No studies have been done about the response of camels to medicines
used for the treatment of ulcers. The camel might respond to cimetidine therapy
(2.2 mg/kg) given twice daily subcutaneously. The drug should not be given orally
as it is degraded in the rumen.

Stretching (_)f the hind leg in colic

DISEASES OF THE INTESTINES

INTESTINAL OBSTRUCTIONS

Either partial or complete obstruction of the intestinal lumen is a
frequently seen clinical condition (Manefield and Tinson, 1996). While all the
possible causes of obstruction have not been observed in camels, it would be
reasonable to assume that any of the types seen in the ruminants may appear in
camels. According to Tanwar (1985), Tayal et al. (1985) and Singh et al. (1993)
specific causes include impaction (sand, enteroliths, fecoliths), torsion,
intussusceptions, compression from the gravid uterus, strangulation from hernias,
neoplasia, abscessation, infarction and congenital defects (atresia coli and atresia
ani).

Clinical Findings

The signs of blockage vary with the location and completness of
obstruction, how rapidly the obstruction developed, the degree of enterotoxemia
produced, the extent of vascular occlusion, and production of gas. The major sign is
colic, with little or no passage of feces. When an obstruction interferes with
circulation, the ensuing events alter the integrity of the bowel. In partial vascular
compression, venous drainage will be adversely affected. The continued arterial
flow results in edema. If compression is complete, there will be tissue anoxia and
increased capillary permeability followed by intramural and mucosal hemorrhage
with accompanying edema and breach in the continuity of the epithelium which
allows bacterial invasion, which follows ultimately to peritonitis and bacteremia
(Jones and Hunt, 1983). Gangrene and shock may ensue.
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Hair and sand in the form of semi-solid balls of fecalets. Common cause of
death in young camel calves

y\ s

Blockage of intestines due to sand-mixed fecalets

Treatment
Laxatives and purgatives should be tried to dislodge the impacting body. In
case of failure, one has to resort to surgical removal of the obstruction.



Chapter 2 : Digestive System 35

ENTERITIS
It is the inflammation of intestines.

Etiology

There are many causes of enteritis in camels and the disease varies
considerably depending upon the causative agent. There are many predisposing and
exciting causes pertaining to animal and environment which influence the primary
causative agent in causing enteritis. The new born camel calves, which are deficient
in immunoglobulines are much more susceptible to enteritis and have high
mortality rate due to diarrhea, than animals having adequate levels of
immunoglobulins. Enteric salmonellosis is commonly precipitated by the stresses
of transportation or deprivations of feed, and permit the development of a super
infection by organisms, which would normally cause disease.

The causative factors of enteritis in camels includes, bacteria
(enterotoxigenic E.coli, Salmonella spp., Clostridium perfringens type B, and C.,
and Mycobacterium), fungi (Candida spp.), viruses, helminths, protozoa (Eimeria
spp., Blantidium coli, Cryptosporidium), chemical agents (Arsenic, fluorine,
copper, sodium chloride, mercury, molybdenum, nitrates), poisonous plants,
mycotoxicosis, physical agents (Sand or soil; silage or feed containing lactic acid),
nutritional deficiencies (copper deficiency), dietary over feeding (simple
indigestion), and miscellaneous conditions (congestive heart failure, toxemia).

e

Hemorrhagic enteritis

Clinical Findings
The major clinical findings in enteritis are malabsorption and diarrhea.
Depending upon the causative agent, stage of disease, and age of animal, varying
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degree of clinical signs are seen. These include dehydration, abdominal pain,
septicemia or toxemia with fever. In acute enteritis, the feces are soft or fluid.
There may be blood, fibrin or mucous or foreign material in the feces. The feces
may have bad smell. The color of feces vary from pale yellow to dark brown, or
blackish. Other signs of enteritis are tenesmus, anorexia, colic, depression, and
intestinal borborygmus. Clinical signs should determine diagnosis. An etiological
diagnosis will require cultures, examination for cytology and parasitic ova, and
hematology and blood chemistry evaluation. Colonic biopsies may be of diagnostic
aid. Elecrolyte imbalance is a common sequel of diarrhea.

Treatment

In the management of enteritis, it is important to monitor and correct any
fluid and/or electrolyte imbalance. It is particularly important to provide glucose,
sodium, and chloride. Acidosis commonly develops in enteritis, so sodium
bicarbonate is necessary. Intestinal protectants like, kaolin, pectin, bismuth
subsilicate may be used. Broad-spectrum antibiotic therapy should always be given
in bacterial and viral enteritis. If the enteritis is parasitic, the therapy should be
devised accordingly.

INTESTINAL ULCERATION

Ulceration of intestinal mucosa may follow any severe enteritis and
develop anywhere in the gastrointestinal tract. The most common site is the small
colon within the spiral colon. In many cases no indication of the cause can be
determined, even at necropsy.

Following intestinal spasm around an impaction of dried material,
ischemia develops in the intestinal wall. This, in many cases, leads to ulcer
formation. Multiple ulcers may develop in such a way. Ulcers may result in
perforation of the intestinal wall. It is very difficult to diagnose an ulcer.
Elimination of other intestinal disorders should precede the tentative diagnosis.

RECTAL PROLAPSE

It is not uncommon in camels, but has been reported. The most common
cause is tenesmus, associated with prolonged severe diarrhea. A mild protrusion,
lasting for few minutes, may be observed following defecation. A slight protrusion
of rectum along with vaginal /vulvular mucosa has been noted in pregnant female
camels, near term, especially while sitting. The protruded mucosae may become
traumatized. Edema is likely to develop followed by necrosis.

The primary cause should be corrected. The protruded mass should be
cleaned, replaced by gentle pressure. The edema can be reduced by local
application of glucose or sucrose. Epidural anaesthesia may be necessary to allow
replacement in straining animals. A rectal tube inserted into the rectum and secured
by sutures may help. If the protruding segment is necrotic, it may be amputated.

NERVOUS DIARRHEA

Camel feces are voided as dry pellets. Any act that causes the animal
stress will result in the passage of soft feces within five minutes. First time loading
of a camel on to a truck, putting them in stocks for examination, or treatment, all
can cause nervous diarrhea. Many camels when get accustomed to the procedures
lose this reaction.

Attempts to take advantage of the reaction are made in camel racing
circles. In a procedure known as “Taffiz” camels are taken to the race track and
deliberately stressed by noise and threatening aggressive human behavior. This
results in diarrhea causing reduction in gut load considerably during the ensuing 30
minutes. It is thought that it reduces the camel’s weight and produces a better
power to weight ratio (Manefield and Tinson, 1996).
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PERITONITIS

Peritonitis, inflammation of peritoneum, is usually accompanied by pain,
tenderness on palpation, rigidity of abdominal wall, inability to pass feces and
fever, followed by toxemia. It may be diffuse or focal. Adhesions are a natural
sequelae to an inflammed serosa.

Etiology

Peritonitis may occur as primary disease or secondary to some other
ailments. As a primary disease it results from rupture of uterus, bladder,
gastrointestinal tract, perforation of the abdominal wall from exterior and rupture of
abscesses. Peritonitis is seen as a sequel to date seed perfotation of the abomasum,
bowel necrosis subsequent to severe impaction and can also be sequel to surgical
procedures (Manefield and Tnson, 1996). Septic peritonitis caused by
Streptococcus zooepidermicus has been reported in camels by Heller et al. (1998).
Traumatic reticuloperitonitis due to piercing by foreign bodies present in the
reticulum has been reported by Patel and Suthar (1992).

Clinical Findings

Clinical signs vary depending upon whether the peritonitis is local or
diffuse and severity of the condition. In acute diffuse peritonitis signs of toxemia
and shock are evident. In chronic peritonitis, formation of adhesions is more
important than toxemia and shock. If the healing process is developing
satisfactorily and the signs of peritonitis are diminishing, it is a common experience
to find that vigorous exercise may cause breakdown of adhesions, spread of
peritonitis and return of clinical signs of acute peritonitis.

Accumulation of large quantities of inflammatory exudate in the
peritoneal cavity may cause visible abdominal distension and interference with
respiration due to pressure on diaphragm. Acute local and chronic peritonitis is
usually not fatal.

Treatment

Antibiotics and sulphonamids should be given for bacterial infections
(oral, parenteral or intraperitoneal). Analgesics are advised to relieve pain of the
animal.

ANAL STENOSIS

It has been occasionally seen as congenital condition. Often repeated
injury and cicatrization cause it. The anus becomes frequently injured while
correcting prolapse, per rectum examination, perianal abscessation and heavy
perianal tick infestation. For treatment one has to go for surgical correction.

HEPATIC INSUFFICIENCY

The liver has a very large reserve of function and approximately three-
quarters of its paranchyma must be rendered inactive before clinical signs of
hepatic dysfunction appear. Diffuse diseases of liver are more commonly
accompanied by signs of insufficiency than are focal diseases, which produce their
effect either by the toxins formed in the lesions or by pressure on other organs.
Diffuse diseases of the liver can be classified as hepatitis and hepatosis according
to the pathological changes, which occur and the classification also corresponds
roughly with the type of causative agent. Clinically the difference between the two
diseases is not marked.

There are no specific modes of hepatic dysfunction. The liver has many
functions and any diffuse disease of the organ interferes with most or all of the
functions to the same degree. The major hepatic functions which, when disordered,
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are responsible for clinical signs. These include: The maintenance of normal blood
sugar levels by providing the source as glycogen; the formation of some of the
plasma proteins; the formation and excretion of bile salts; the excretion of bile
pigments; the formation of prothrombin; and the detoxification and excretion of
many toxic substances including, photodynamic agents.

Clinical Findings

Signs in this condition include anorexia, colic (which aggravates on

palpation or percussion), tense abdomen, atony of gastrointestinal tract, weakness,
may be fever, diarrhea, painful movements, disinclination to sit followed by
recumbency, and deaths in 4-48 hours. The signs observed are:
Jaundice, nervous Signs (Hyperexcitability, convulsions, coma, muscle tremor, and
weakness, psychic disturbances including dullness, compulsive walking, head
pressing, and failure to respond to signals, and sometimes mania), Edema and
emaciation (due to protein deficiency), Photosensitization (Phylloerythrin, the
normal breakdown product of chlorophyll in the gut are excreted in the bile. In
hepatic insufficiency excretion of these substances is retarded), Hemorrhagic
diathesis (deficiency of prothrombin occurs), and abdominal pain (distension of
capsule and lesions of the capsule. Alteration in the size of liver). Some times there
is displacement of liver or rupture of liver.

Distinctive clinical signs, plus evaluation of clinical pathology parameters
like sorbital dehydrogenase, aspartate aminotransferase, alanine aminotransferase,
gamma glutamyl transferase, glutamate dehydrogenase help in the diagnosis of
liver insufficiency.

Treatment

The prognosis for acute hepatic necrosis is unfavorable. In mild cases,
supply of glucose and lipotropic substances such as choline and methionine and
broad spectrum antibiotics to check secondary bacterial infection are indicated.
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RESPIRATORY SYSTEM

The camel is an obligatory nose breather like that of equines. It can
dilate and constrict the nostrils. The resting camel closes its nostrils during a sand
storm, but normally it does not do so. An attempt to inspire through the mouth at
exercise is a sign of nasal or nasopharyngeal obstruction. The respiration rate of
camel varies from 5-12 / minute (Higgins and Kock, 1984). The nasal turbinates
of the camel are more complex than that of the equines, because the camel has to
humidify air while inspiration and to conserve water on expiration (Schmidt-
Neilsen et al., 1981). The ventral meatus is large enough in an adult camel to
permit endoscopy by an instrument having external diameter of 13 mm.

The pharynx of the camel is extraordinarily long and relatively narrow.
The camel has a prominent transverse fold or palatine diverticulum (DULLA) on
the oral surface of its soft palate. In the male camel this is highly developed as an
accessory sex organ. This structure can be inflated from within and is seen
projected from the buccal cavity of male camels during breeding season. Even
when the bull camel is not in rut, its soft palate is very fleshy and may impede
respiration at fast exercise. Surgical resection of the DULLA might enable male
camels to compete more effectively. The structure consists of "loose connective
tissue and mucous glands covered by mucosa, which is sometimes pigmented.
The "DULLA" gets inflated because of the gas eructed from the stomach is
forced into the lungs, from where air is forced into the oral pharynx while the soft
palate is raised and the entrance of the nasopharynx is closed.

Like oropharynx, the nasopharynx is also divided into cranial and caudal
dome shaped compartments, by a transverse fold. The opening of the auditory
tube is in the cranial compartment. The nasopharynx lies dorsally to the
orthopharynx and stretches from the choanae to the intrapharyngeal opening. The
respiratory position of the soft palate in the camel is ventral to the epiglottis
(Cook, 1965), permitting the ostium intrapharyngium to create an air tight seal
around the larynx (Cook, 1981). During exercise it is important that no air should
enter in the orthopharynx. Dorsal displacement of the soft palate above the
epiglottis is a cause of airway obstruction. The factors most likely to trigger this
displacement are pharyngospasm caused by nasal myiasis, hyperplasia of the soft
palate, and regurgitation of rumen contents. Caudoventrally, the nasopharynx
communicates with the oro- and laryngopharynx through the intrapharyngeal
opening. The Pars laryngea pharyngis is the caudal continuation of the
orthopharynx and extends from piriform recess at the base of the epiglottis to the
level of the cricoid cartilage. It contains the rostral part of the larynx and the
Vestibulum oesophagi, which is marked off from the esophagus proper by a V-
shaped fold of mucous membrane, which represents the attachment of the
palatopharyngeal arches.

The camel has a large esophageal vestibule and, apparently, a rather
slack crico-pharyngeal sphincter. The readiness with which every excited camel
regurgitates rumen contents suggests the excitement of racing might precipitate
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regurgitation in the camel during exercise. The sudden appearance of food
material in the nasopharynx at fast exercise would certainly be a potent cause of
pharyngospasm, dorsal displacement of the soft palate and exercise induced
dyspnea. Special consideration might be given by trainers to reduce the bulk of
rumen contents in the days prior to racing. A reduction in the amount of fluid and
solid material in the rumen would reduce body weight, facilitate movement of the
diaphragm, lessen the work of inspiration and render respiration more efficient.

The long larynx of the camel is more caudally placed than that of the
horse and, although attached to the thyroid cornu of the thyroid apparatus, is
much more mobile. The camel appears, like the horse, dog and man, to have a
thoraco-laryngeal reflex (Cook and Thalhammer, 1991). The cartilages of the
larynx, viz. the epiglottis rostrally, the thyroid cartilage ventrally and laterally, the
paired arytenoid cartilages dorsally, and the cricoid cartilage caudally.

The thyroid cartilage resembles that of the horse and possesses well-
developed rostral and caudal cornua. The rostral cornu articulates with the free
end of the thyroid bone, while the caudal cornu articulates with the cricoid
cartilage. There is a thyroid foramen in the cartilage of some specimens, while in
others a deep notch is bridged by fibrous connective tissue, for the passage of the
cranial laryngeal nerve.

The arytenoid cartilage resembles an anchor. There is a rod-like
connection between the apex with its extensive corniculate process, and the base,
which contains the muscular and vocal processes. There is a clear demarcation
where the yellow elastic cartilage of the rostral part abruptly changes to hyaline
cartilage rostrally to the base. The cricoid cartilage is sturdy and relatively long.
The epiglottis is approximately 85 mm long in the adult. It has no special
features.

The prominent transverse processes of the cervical vertebrae form a
gutter which, to some extent, protects the cervical trachea from external trauma,
e.g. from the asphyxiating bites of the natural predators. The long neck of the
camel means that the cervical trachea and whole of the upper airway is also long.
In the cranial mediastinum trachea lies ventrally to the esophagus. In this region
the left end of the tracheal rings overlap the right ends. Directly, cranially to the
bifurcation of the trachea the tracheobronchus to the cranial lobe of the right lung
arises.

The lungs of the camel resemble to those of equines, rather than
ruminants. The fissures are not present in the camel lungs. Each lung possesses a
cranial and a caudal lobe, and the right lung has an accessory lobe in addition. On
closer examination of the surface of the lungs small lobules separated by
connective tissue are visible. Abdurahman (1987) has discussed pathology of the
camel lungs.

RHINITIS

It is inflammation of nasal mucosa and is of minor importance, as a
disease process, except in severe cases when it causes obstruction of the passage
of air through the nasal cavities, especially in racing camels. Its major importance
is as an indication of the presence of specific disease.

Etiology

Bacteria, viruses, Oestrus ovis larvae, allergy, and fungi cause it.
Antibodies to adenoviruses, parainfluenza, bovine syncytical virus and infectious
bovine rhinotracheitis have been found in camels (Manefield and Tinson, 1996).
Nwasu and Wachy (1998) have reported 97.4 % prevalence of nasal myiasis
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(Cephalopina titillator), camel nasal bot fly, in Nigeria. Allergic rhinitis has also
been reported in camels (Pal, 1976).

Clinical Findings

There is nasal discharge in rhinitis, which is serous initially then
becomes mucous and in bacterial infection it becomes purulent. Redness,
erosions, or ulcers may be present on the mucous membrane. Sneezing or snoring
may be present. A chronic unilateral purulent discharge from the nostrils which
lasts for several weeks is indicative of mycosis.

Treatment

The treatment should be aimed to control the causative agent. The
nostrils should be irrigated with saline. A nasal decongestant may be sprayed into
the nostrils. The allergic rhinitis should be treated with anti allergic drugs and the
causative agent should be identified and eliminated. Antibiotics and sulpha drugs
are recommended for bacterial rhinitis.

NARROWING OF NASAL PASSAGES

Lesions within the nasopharynx such as polyps, lymphoid hyperplasia or
granulomatous conditions may cause restricted airflow. This can adversely affect
the performance of racing camels. Rathore (1986) has reported a condition
known, locally, as Paladi, from India. In this condition the septal cartilage of the
nose enlarges in size and the camel feels difficulty in breathing. Surgical
intervention is usually required to correct the condition (Fowler, 1991).

LARYNGITIS, TRACHEITIS, BRONCHITIS

All the agents responsible for causing pneumonia and rhinitis can cause
these three conditions (Vitovec and Vladik, 1983).

Coughing and inspiratory dyspnea are the common clinical signs. In the
initial stages the cough is dry and painful and is easily induced by grasping
trachea or larynx, or to exposure to cold, dust, smoke etc. Later the cough
becomes less painful and productive, thick mucous with blood and fibrin may be
coughed up. Fever and toxemia may accompany and the affected animal cannot
eat or drink. The dyspnea varies with the degree of obstruction. The inspiration
phase is usually prolonged and forceful. Swelling of the larynx may cause deaths
from asphyxia.

Treatment

Treatment should be attempted with antibiotics and sulphonamides.
Animals showing signs of dyspnea should be operated upon for tracheotomy.
Corticosteroides may be used to reduce tracheal edema. Surgical excision of
chronic granulamatous lesion or abscesses is indicated followed by long term
antibacterial therapy.

PULMONARY CONGESTION AND EDEMA

Pulmonary congestion (engorgement of the pulmonary vascular bed),
sometimes followed by pulmonary edema, is characterized by respiratory
embarrassment. The degree of respiratory embarrassment depends upon the
amount of alveolar air space lost.



Chapter 3 : Respiratory System 46

Etiology

Primary congestion occurs in the early stages of all types of pneumonias
by inhalation of smoke and irritant fumes, anaphylactic reaction, and in
recumbent animals due to hypostasis.

Secondary congestion is observed in congestive heart failure and after
severe exertion in camels, as is found in horses.

Pulmonary edema occurs as a sequel to pulmonary congestion in case of
acute anaphylaxis, acute interstitial pneumonia, congestive heart failure,
inhalation of smoke and irritant gases, poisoning with organophosphates and viral
diseases of lungs.

Ciliated epithelial cells-tracheal wash of one of the EIPH-positive cases

Clinical Findings

There is dyspnea with head extended, nostrils flared and mouth
breathing. There are marked abdominal movements seen on respiration. The rate
of respiration is increased especially if there is hyperthermia, acute anaphylaxis,
and early stages of pneumonia. Pulse rate is also elevated (up to 100/min). The
nasal mucosa is either bright red or cyanotic. In acute congestion harsh lung
sounds can be heard on auscultation. With the development of edema increased
lung sounds and crackles are heard, particularly in the ventral parts of the lungs.
In long standing cases emphysema develops at the dorsal parts and the crackles
and wheezes are heard at the dorsal parts, especially is cases developed by
allergy. On percussion, normal sounds are heard in congestion and dull sounds in
edema.

There is coughing, which is soft and moist. Slight to moderate serous
nasal discharge appears in congestion, which changes to frothy and voluminous in
edema.

The diagnosis of pulmonary edema and congestion is always difficult
unless there is history of a precipitating cause such as inhalation of smoke or over
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exertion. Pneumonia could be an alternative diagnosis, which is usually
accompanied by hyperthermia.

Treatment

Correction of the primary cause should be attempted first. Affected
animal should take rest. Adrenaline is recommended in pulmonary edema due to
anaphylaxis, which may be followed by corticosteroids. Antihistamines are also
good and may be given along with adrenaline. Oxygen therapy may effectively
reduce the anoxia. The slow intravenous aminophylline will help dilating
bronchioles. Removal of the fluid from the lungs may be assisted by I/V
treatment with furosemide or other quick acting diuretic. Reduction of foaming in
the airways may be achieved with nebulized 20% ethanol. Morphine is also
recommended.

In the case of edema due to organophosphates, atropine should be given
promptly (repeated injections are advised).

PULMONARY HEMORRHAGE

The camels are not only kept for milk or meat but also play an important
role in the traditional sport of racing. Standard racing distances are 8-10 km.
Some camels show some blood coming out of the nostrils after racing or
galloping and subsequently those camels do not perform well in races. A study
conducted by Akber et al. (1994) revealed that these camels were having
hemorrhages of varying sizes in the lungs. The studies were made by fiber optic
endoscope (2 m length; 11 mm ext. diameter) passed through nostril. The
condition was more common in 8-10 year than 3-4 year old camels. The
incidence of the condition is reported to be 30 per cent, which is similar to that
reported in racing horses (Pascoe et. al., 1981). The mechanism of hemorrhage is
not known. The presence of pre existing lung disease might be a predisposing
factor. Usually the hemorrhage is not large enough to cause any apparent clinical
signs, except epistaxis in some cases, but these camels do not perform well in the
subsequent races. A variety of drugs have been used for the treatment but non has
any significant effect. The use of furosemide might help reducing the severity of
condition.

PNEUMONIA

Viruses, bacteria, fungi, protozoa, metazoan parasites, and physical and
chemical agents may cause pneumonia. Sometimes a combination of two, or
more, factors are responsible for the condition. Mostly the pneumonia in camel is
bronchogenic, however, it can be hematogenous in some cases.
The opportunistic microorganisms are responsible for pneumonia in majority of
the cases when the resistance of the animal is lowered (Farrag et al., 1953). These
include E.coli, streptococci, staphylococci, Pasteurella spps, Corynebacterium
spps. (Shah and Khan, 1935; Rana et al., 1993), Pseudomonas (Wernery et al,
1997), Kiebsiella pneumoniae (Arora and Kalra, 1973), Mycobacterium (Farrag
and Zaki, 1953), and aspergillosis (Bhatia et al., 1983).

Clinical Findings

In the early stages, respiration is rapid and shallow followed by dyspnea
in the later stages. Cough is an important sign. There is more painful cough in
broncho-pneumonia. Frequently, dry hacking cough is observed in interstitial
pneumonia, which is in paroxysms. On auscultation exudate can be detected.
Percussion and auscultation can detect consolidation.
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Toxemia, anorexia, fever, depression, tachycardia and disinclination to
sitting is observed in acute pneumonia.

Treatment

Antimicrobial agents, preferably in long acting base should be injected.
Bronchio-dilators such as clenbuterol and nonsteroidal anti-inflammatory drugs
should be administered as an adjuvant therapy.

ASPIRATION PNEUMONIA

Aspiration pneumonia or drenching pneumonia is a common disease of
farm animals, however, in camels it is not so common. The condition occurs by
careless or forced drenching of medicines for the treatment of some ailment.
Vomitus some times is also inhaled. Rupture of some pharyngeal abscess and
aspiration of pus is also a potential cause of aspiration pneumonia. The animal
suffering from paralysis or obstruction of the larynx, pharynx or esophagus may
aspire food or water when attempting to swallow. An uncommon but important
effect of lodgement of food at the glottis is the production of asphyxia or sudden
death due to vagal inhibition and cessation of respiration and circulation.

If large quantities of fluid are aspired death may in this case be
instantaneous, but with small quantities the outcome may depend upon the nature
of aspired material. The absorption from the lungs is very rapid, thus soluble
substances such as magnesium sulfate exert their pharmacological effect very
soon, whereas insoluble substances lodge in the lungs resulting in pneumonia,
with profound toxemia, which is fatal within 48-72 hours. The severity of
pneumonia depends upon the bacteria aspired. The pneumonia usually terminates
in gangrene. Occasionally, the animal may survive the acute stage but later the
condition usually relapses.

Antibiotics and sulfonamides given soon after aspiration has occurred
may prevent development of secondary infection.

PULMONARY ABSCESSES

Pulmonary abscesses may arise on their own as primary disease or arise
secondarily due to diseases in other parts of the body (Gautam et al., 1970).
Primary abscesses may be due to tuberculosis, actinomycosis, pseudomoniasis
(Bergin and Torenbeek, 1991), infections with aspergillosis, histoplasmosis,
moniliasis, corynebacteria, and toxoplasmosis.

Secondary pulmonary abscesses may develop as a sequel to aspiration
pneumonia or emboli/thrombi carrying infection from endocarditis, metritis,
mastitis and omphalophlebitis that may lodge in the lungs resulting in abscesses.

Clinical Findings

In typical cases there is dullness, anorexia, emaciation. The temperature
is usually moderately elevated and is fluctuating. There is pronounced coughing
accompanied by pain. Respiratory signs vary depending upon size and number of
abscesses.

Treatment
Treatment is not usually successful. Antibiotics given daily for several
days may help.

PLEURAL EFFUSION (PLEURISY)
It is inflammation of pleura and is almost part of lung inflammation.
Primary pleurisy is usually traumatic and caused by penetration of solid objects
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into the chest. Secondary pleurisy develops as part of specific infectious diseases
including, pasteurellosis, actinomycosis, and tuberculosis. It can also occur as
sporadic infection e.g. septicemia due to pseudomonas, streptococci,
staphylococci, and E.coli.

In the early stages the respiration is rapid, shallow and abdominal and
the animal shows pain. The animal stands with elbows abducted and shows
disinclination to move. The animal feels pain by pressure on the thoracic wall and
deep digital palpation. Usually there is fever and pulse rate in elevated. Toxemia,
anorexia and depression are seen in some cases. On auscultation, in the initial
stages, friction sounds are heard, which in the later stages diminish, as the
exudate accumulates. Dullness on percussion is evident at this stage. Cough is
usually present. The prognosis is usually not favorable. Treatment should be
attempted giving antibiotics and sulphonamides. Anaerobic infections may be
checked by administration of chloramphenicol and metronidazole. Drainage is
also very effective. Analgesics should be given to reduce pain.
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MUSCULOSKELETAL SYSTEM

The diseases involving bones, joints and muscles are being dealt with here
together. The reason being that their manifest is common i.e. lameness, failure to
support, insufficiency of movement, and deformity.

The clinical and laboratory examination of the musculoskeletal system and
feet of the camels are essential to identify lameness and factors which contribute to
it. A detailed physical examination of the affected area is necessary to localize the
lesion. This includes passive movements of the limbs to identify fractures,
dislocations and pain on movement. Muscles can be palpated for evidence of
enlargement, pain or atrophy. The use of radiography is a helpful tool to diagnose
the diseases of bones, joints and soft tissue affecting limbs. Muscle biopsy may also
help in the diagnosis of muscle dystrophies. Microscopic examination of synovial
fluid offers great help in the diagnosis of joint lesions. Serum levels of calcium,
phosphorus, alkaline phosphatase and muscle enzymes, creatinine phosphokinase
(CK) and serum aspartate amino transferase (AST) determination may aid in the
diagnosis of muscle cell damage and osteodystrophies (Meyer and Harvey, 1998).
Nutritional history should be obtained when the diseases of muscloskeletal system
are suspected as most of the conditions are associated with nutritional disorders.
This should include analysis of the feed and total amount of feed intake.

The muscular system of camels is adapted for economy of effort than
power. Some of the muscles are absent or reduced in size as compared to the other
animals. The muscles of the hind limbs are small as compared to the muscles of the
fore limbs. The muscles of the neck are also relatively less developed, which makes
the neck more mobile.

The predominant muscle types in camel are type I and II A. No relationship
has been found to exist between fiber types, composition, and glycolytic or oxidative
enzyme activity in the muscle. Enzyme activities and substrate levels are high in
muscles of the camels as compared to the other ruminants (Saltin and Rose, 1994).

DISEASES OF MUSCLES

MYOPATHY
It is non-inflammatory degeneration of skeletal muscle, which is
characterized by weakness and hyaline degeration of muscle fibers.

Etiology

The most common cause of myopathy is vitamin E and/or selenium
deficiency in young calves. The precipitating causes include rapid growth, highly
unsaturated fatty acids in the diet and unacustomed to exercise (exertional
myopathy). It is aso seen in acidosis.

Some chemical agents in poisonous plants can cause myopathies. These
include Cassia accidentalis, Karwinskia humboldtiana, Ixiolena spp, Geigeria spp.,
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lupins, Solanum, and Tricetum spp. Myopathies have also been observed in
poisoning by coccidostat monensin in camels (Chaudhary et al., 1998).

Ischaemic myonecrosis have been observed in animals recumbent for 48
hours or more. Neurogenic muscular atrophy occurs sporadically due to traumatic
injury and subsequent degeneration or complete severance of nerve supply to
skeletal muscle.

Clinical Findings

In most animals, including camel, skeletal muscle is composed of mixture
of fibers with different metabolic and contraction characteristics. The fibers which
have slow contraction time are called type I fibers, and the ones with fast contracting
time are called type II fibers. The type II fibers can be subgrouped into type IIA and
IIB on the basis of acid preincubation of ATPase (Snow et al, 1981). There exist
variations in the percentage and in the composition of muscle fibers within
individual camels, between various muscles and within the muscles at different
locations. Type I fiber is the most dominant fiber in all muscles studied in the camel,
while type II fibers are relatively scarce (Saltin and Rose, 1994). Type I fibers are
characterized by strong aerobic capacity, compared with type IIA fibers which are
more glycolytic and have strong aerobic and moderate to strong anaerobic capacity.
Type 1IB fibers are characterized by a relatively low aerobic and relatively high
anaerobic capacity and are glycolytic (Kaneko et al., 1997).

In primary nutritional muscular dystrophy associated with a deficiency of
vitamin E and/or selenium there is lipoperoxidation of the cellular membranes of
muscle fibers resulting in degeneration and necrosis. The lesions only develop in the
muscles and are similar, irrespective of the cause. The lesions in most of the cases
are of hyaline degeneration to coagulative necrosis of myocardium and skeletal
muscles. Because of the necrosis myoglobin is released and excreted in the urine.
Myoglobinuric nephrosis also develops.

An important biochemical manifestation of myopathy is increased release
of muscle enzyme from the damaged muscle cells. Creatinine phosphokinase (CK)
and serum alanine amino transferase (AST) are both elevated in myopathy and are
indicative of acute muscle damage. Ischemia also causes focal muscle necrosis and
increased release of muscle enzymes. In neurogenic atrophy there is flaccid
paralysis, a marked decrease in muscle mass and degeneration of myofibers with
failure to regenerate.

The nutritional myopathies associated with deficiency of vitamin E and/or
selenium occur most commonly in young growing animals. A sudden onset of
weakness and pseudoparalysis of the affected muscles is observed in acute primary
myopathy. Usually there is circulatory and respiratory insufficiency. The suffering
animal remains alert and seems to be in spasm. The temperature is usually normal.
The affected muscle may be swollen, hard and rubbery. Acute case of primary
myopathy may die within 24 hours.

Treatment

Vitamin E and selenium are indicated for the treatment of nutritional
muscular dystrophy. The treatment of exertional myopathy consists of enforced rest
and relief of pain. In recumbent camels, provision of soft bedding and frequent
turning is recommended. Fluid therapy to prevent myoglobinuric nephrosis may also
be given. In myopathies associated with acidosis sodium bicarbonate is
recommended. It should be given 2% of total dry matter intake. Dantrolene sodium
at the rate of 4 mg / kg body weight, given orally, immediately upon recognition of
clinical signs is efficacious.



Chapter 4 : Musculoskeletal System 53

MYOSITIS

Myositis may arise from direct or indirect trauma to muscle and occurs as
part of a syndrome in a number of specific diseases, including blackleg,
sarcosporidiosis, trichinosis, and toxoplasmosis. Acute myositis of limb muscles is
accompanied by severe lameness, swelling, heat and pain on palpation. There may
also be accompanying toxemia and fever. In chronic myositis there may be much
wasting of the affected muscles and is difficult to differentiate clinically from
atrophy due to other causes. Chronic traumatic myositis may result in fibrotic
adhesions of the muscles and calcification of fibrous tissue may supervene.
Extensive damage to muscles occurs in screwworm and sometimes blowfly
infestation. Myositis can also develop in camels by injecting irritant medicines,
intramuscularly.

DISEASES OF THE BONES

FRACTURES IN CAMELS

The camel apart from being used as a draught animal is also kept for riding
and racing purposes and thus is more prone to injuries and fractures. The incidence
of various fractures recorded by Gahlot and Chouhan (1994) was 57% related to the
head and neck (mostly mandible) 22% to the forelimbs and 21% to the hind limbs.
The highest incidence of mandibular fractures is due to the anatomical weakness of
this bone at the horizontal ramus due to presence of alveoli of tusks and also due to
presence of dental canal in the region. The stress forces exerted by powerful jaw
muscles during "rut" following excitement often lead to mandibular fractures. The
sharp edges of the fractured fragments tear the oral mucosa, which usually leads to
infection and formation of submandibular abscesses (Kumar et al., 1977).

Fractures of the lower jaw after falling down in the race
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OSTEODYSTROPHY

It includes those bone diseases, which occur either due to failure of bone
development (rickets), or due to abnormal metabolism of bone, which has already
developed (osteomalacia). The clinical manifestations are distortion and enlargement
of bones, and increased susceptibility to fracture. This condition is not frequently
observed in the camels, however, it has been reported by Caligiuri et al., (1989)

Etiology

These conditions may result from deficiencies of calcium, phosphorus and
vitamin D, and imbalance in calcium-phosphorus ratio. Osteodystropies may also be
caused due to copper defficiency, inadequate protien in diet, chronic parasitism,
hypovitaminosis A, chronic lead poisoning, chronic fluorine poisoning, and grazing
on some poisonous plants.

Clinical Findings

In rickets, which occurs in the young growing animals, there is a failure of
provisional calcification of the osteoid plus a failure of mineralization of the
cartilaginous matrix of developing bone. There is also failure of degeneration of
growing cartilage, formation of osteoid on persistent cartilage with irregularity of
osteochondral junctions, and over gowth of fibrous tissue in the osteochondral zone.
Failure of provisional calcification of cartilage results in an increased depth and
width of the epiphyseal plates of particularly the long bones (humerus, radius, ulna,
and tibia) and the costal cartilage of the ribs. The uncalcified and therefore soft
tissues of the metaphyses and epiphyses become distorted under the pressure of
weight bearing, which also causes medial or lateral deviation of the shafts of the
bones. There is a decreased rate of longitudinal growth of long bones and
enlargement of the ends of long bones due to the effects of weight causing flaring of
the diaphysis adjacent to the epiphyseal plate.

In osteomalacia softening of mature bones occur consequent to resorption
of mineralized bone and inability of mineralization of newly formed bone.
Enlargement of the epiphyses of the bones does not occur in this condition. Long
bones also don't become distorted. However, the bones are fragile and prone to
frequent fractures.

Osteodystrophia fibrosa may be superimposed on rickets or osteomalacia
and usually occurs in secondary hyperparathyroidism in animals (Blood and
Radostits, 1989). Fibrous osteodystrophy of the facial and long bones has been
reported in dromedary camels. The cause of the condition is thought to be due to
vitamin D deficiency secondary to gastrointestinal malabsorption and inadequate
winter exposure to ultraviolet light (Lynch et al., 1999).

The diagnosis can be made, by analyzing serum for calcium, phosphorus,
and alkaline phosphatase. Histopathology of the bone and total bone ash
determination may also help. The feed should also be analyzed for calcium,
phosphorus, magnesium, vitamin D and trace minerals i.e. copper, fluorine and
molybdenum.

Treatment
The condition can be treated by administration of calcium, phosphorus and
vitamin D.
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OSTEOMYELITIS

In camel focal inflammation of the bone can occur following open fractures
(Gahlot et al., 1982).

Osteomyelitis is accompanied by severe, persistent pain and usually pus is
discharged from the eroded bone. A large number of aerobic and anaerobic bacteria
are involved. The treatment comprises of debridgement of necrosed tissue, drainage
of pus, and local and systemic use of broad spectrum antibiotics for a long period.

DISEASES OF THE JOINTS

ARTHRITIS

The camels are frequently affected with inflammation of articular surfaces
and synovial membranes due to trauma and infection. This condition is relatively
more common in racing camels.

Etiology

Localization of infection in the joint is common in new born camel calves
having septicemia or bacteremia which arise from naval or intrauterine infection.

It can also occur as a result of traumatic perforation of the joint capsule.
The infection may spread from the surrounding tissue. Hematogenous spread from
suppurative lesions of the udder, uterus, liver, lymph nodes, infected chest pad or
tail, and castration wound may also occur. Al-Afaleq et al. (1992) isolated
Chlamydia from joints of dromedary camels in Saudi Arabia. These animals were
showing swelling of the carpus-metacarpus and / or tarsus-metatarsus joints.
Ramadan et al. (1998) diagnosed carpal hygromas in two she camels associated with
Brucella melitensis.

In racing camels sprain during race or training is a very common cause of
arthritis.

Clinical Findings

Fetlock and pastern joints are mostly susceptible to injury and
inflammation (Higgins, 1986). Rabagliati (1923) has reported lesions of polyarthritis
in Somali camels. Arthritis causes pain and lameness in the affected limb. Heat and
pain can be detected by palpation. The joint may be swollen and the degree of
swelling depends upon the type of infection. In most of the neonatal arthritis some
degree of omphalophlebitis and lesions in the other organs (liver, endocardium,
meninges) occur, concurrently.

In infectious arthritis of hematogenous origin there is synovitis initially,
followed by changes in the articular cartilages and some times bone. In chronic
stages there is extensive granulation tissue formation chronic synovitis and
degenerative joint disease with osteophyte formation and sometimes ankylosis.

Depending upon the type of organism involved arthritis may be suppurative
or serofibrinous. Suppurative arthritis is particularly destructive to cartilage and
bone and commonly there is rupture of the joint capsule.

Examination of the joint fluid should be got done by the laboratory. It
comprises of culturing for bacteria, TLC, DLC, erythrocytic count and microscopic
examination for the presence of cells, crystals etc. Biochemical and immunological
tests are also helpful.
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Treatment

Early treatment with parenteral and local antimicrobials for several days is
recommended. The antibacterial of choice includes synthetic penicillins,
tetracyclines, streptomycin, neomycin, gentamycin and kenamycin.

Local application of heat and liniments in the chronic cases are
recommended. Analgesics are recommended if the camel experiences great pain.

Failure to respond to parenteral and intra articular medication may require
surgical opening of the joint capsule, careful debridement, excision of the synovium
and infected cartilage and bone, followed by daily irrigation of the joint cavity with
antibiotics. Immobilization of the joint for several weeks, is also recommended.
Glycosaminoglycans given orally and injecting in the affected joint may also help.
Chronic arthritis may also be treated by subjecting the affected joint to meganetic
field.

DORSAL FIXATION OF PATELLA

This condition is frequently observed in the aged and debilitated camels
(Rathore and Chouhan, 1971). It is insidious in onset. One or both legs can be
involved. There is rigid extension of the stifle and hock joints and flexion of the
fetlock. The foot is usually abducted. Some times when the health state of the camel
improves, there may be spontaneous remission (Higgins, 1986). Medial patellar
ligament desmotomy is reported to be successful in some cases (Dhablania et al.,
1971). Injection of counter irritant around the medial patellar ligaments is
recommended by Rathore and Chouhan (1971).
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THE SKIN AND APPENDAGES

The skin has many functions. Primarily, the skin serves as a protective
barrier between the body and the external environment and is an important organ
for homeostasis. The flexibility and elasticity of the skin allow motion and
provide shape and form. The skin also plays a vital role in thermoregulation and
sensory perception.

The skin of camel is thicker and tougher than that of cattle and horse
and affords better protection against penetration of spiny bushes and trees
(Manefield and Tinson, 1996). Sweat glands in camel are distributed over the
entire body surface (Kamel et al., 1986). However, these glands are absent in the
non-hairy skin areas like perennial region, chest pad, and stifle pad (Goswami et
al., 1994). Melanin provides the variety of colors found in camels. Precursors for
vitamin D3 synthesis are present in the skin which are acted upon by solar

ultraviolet light to produce the vitamin that is later converted to 1, 25
dihydroxycholecalciferol, the active hormone, via metabolism in the liver and
kidney. Special appendages of the skin include hair and nails.

The skin of camel is attached rather tightly to the underlying tissue and
is relatively immobile. This is a disadvantage to the camel in that, if attacked by
the biting and flying insects, particularly in view of its short and ineffectual tail.
The animal is thus reduced to stampede, kicking and throwing its head about in
the effort to remain comfortable, apparently often without much success. The
skin is thicker over the back than elsewhere and particularly over the humps
when this is in decline. The epidermis is well developed; the dermis is compact
and hard and is rich in elastic fibers, which have long papillae; the sub-epidermal
tissue is very hard. Sweat glands occur sparsely all over the body but sweating is
restricted to very hot periods and to times when the animal is excessively tired
(Wilson, 1984).

The pole glands are more active under conditions of heat and fatigue
than at any other time. They are also active when the male is in rut. They may
thus be modified sweat glands. They are found in both sexes although they are
less active in castrates and females than in entire males and the fluid emitted has
a much less noticeable odor. The glands are situated towards the top of the back
of the neck and cover an area of about 6x4 cm. They can be distinguished from
the surrounding skin, particularly in males, by their slight elevation, their color,
and scarcity of hair.

Under the feet, where the skin comes in contact with the ground when
the animal is standing or walking, it is modified into pads. The largest pad is
generally referred to as the pedestal and is on the chest below the sternum; there
are in addition pads on the elbows and stifles and less important ones on the
knees and outside the hocks. In young animals the pads are less developed and
covered with short hair, which wears away after a few months.
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DISEASES OF THE SKIN

The diseases of skin are very common in camels. Included in these are
camel pox, contagious ecthyma, papillomatosis, skin abscesses, contagious skin
necrosis, staphylococcal dermatitis, dermatophilosis (ringworm), Addison’s
disease, elephant foot, dermoid cysts, onchocercariasis, sarcoptic mange,
psoroptic mange, hypodermatosis, myiasis, saddle sores, whip injuries, crow
peck, pedestal injuries, lacerations, branding or firing injuries, allergic dermatitis,
neurodermatitis, urine scald, pityriasis, parakeratosis, and hyperkeratosis.

The diseases caused by bacteria, fungi, viruses, and parasites have been
discussed elsewhere in this book.

PITYRIASIS

It is characterized by the presence of bran-like scales (dandruff) on the
surface of skin.

It can be caused by over production of keretinized epithelial cells as a
result of hypovitaminosis A, riboflavin and nicotinic acid deficiencies. It may
also be the result of the deficiency of essential unsaturated fatty acids, especially
linolenic acid (primary pityriasis).

Ectoparasites (flea, louse, and mange) infestation and ring worm
infection are also responsible for pityriasis due to excessive desquamation caused
by scratching (secondary pityriasis).

In primary pityriasis there is accumulation of scales without itching.
The accumulation of scales occurs commonly where the hair coat is long. The
lesions of the primary disease usually accompany secondary pityriasis.

For treatment removal of the primary cause be attempted. Non specific
treatment includes thorough washing followed by application of emollient
ointment and alcoholic lotion alternately. It is good to incorporate salicylic acid
both in ointment and lotion.

PARAKERATOSIS

It is incomplete keratinization of the epithelial cells caused by dietary
zinc deficiency, and is often seen in non-specific chronic inflammation of
cellular epidermis with resultant faulty keratinization of the horny cells. In
nutritional parakeratosis the deficiency must be corrected. The abnormal tissue is
first removed by keratolytic ointment (salicylic acid) followed by the application
of an astringent preparation. Addition of zinc to the diet will cure zinc deficiency
parakeratosis.

HYPERKERATOSIS

Accumulation of excessively keratinized epithelial cells on the skin
surface may occur locally at the parts subjected to continuous pressure.
Generalized hyperkeratosis is observed in poisoning with highly chlorinated
naphthalene and in chronic arsenic poisoning. In this condition the skin becomes
thicker than normal and is usually corrugated and hairless. The external surface
is dry and scaly. Secondary infection of the area is common. Treatment is
comprises of removing the causal factor and use of the keratolytic agents.

URTICARIA

It is an allergic condition in which wheals appear on the surface of skin.
Insect stings, contact with stinging plants, ingestion of unusual food,
administration of particular drug, and death of parasites or their larvae in the
tissues may cause urticaria.
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The lesions of urticaria develop suddenly and often in large numbers.
They are flat top, elevated and tense and vary largely in size. No exudation
occurs. Other manifestations of allergic reaction e.g., diarrthea and fever may
accompany the skin eruptions. The lesions disappear soon but may last for 3-4
days. The condition can be treated with antihistaminics. Adrenaline as a
subcutaneous injection is also good. Lesions can appear if antigenic encounter is
repeated.

ECZEMA

It is an inflammatory reaction of epidermal cells in response to
allergens. The allergens may be: endogenous; ingested as food, formed in the gut
(amines formed due to over eating or bowel stasis and reflux), or digestion of
internal parasites, or exogenous, external parasites, and chemicals etc. The first
observable sign is erythema, followed by the appearance of small vesicles, which
rupture and cause weeping of the surface. Scab formation follows. The lesions
may be isolated patch or be diffuse. Itching and irritation is intense. In chronic
cases alopecia and dermatitis may occur. The treatment comprises elimination of
causative agent, good hygienic conditions, laxative diet, antihistaminic
administration and astringent lotion application.

DERMATITIS

Inflammation of dermis and epidermis in camel is very common and is
caused by bacteria (e.g. Staphylococcus aureus), fungi, mange mites, filarial,
screwworm, and viruses of pox and vesicular ecthyma. The condition may also
be caused by chemical (corrosive agents like strong acids, alkalies etc.) and
physical agents (trauma, burns etc.). Sometimes individual alopecic lesions on
the hind leg or flank are observed in camels, which are associated with
compulsive licking or biting.

Y e

Staphylococcus aureus

Affected skin initially becomes red and warm. Later on the lesions
progress depending upon the causal agent and degree of exposure. This condition
occurs in males and tethered racing camels. It seems to be a behavioral anomaly
(Manefield and Tinson, 1996). Examination of the skin scrapings or swabs for
the presence of parasites and bacteria or other agents is essential. Culture and
sensitivity tests for bacteria are required to prescribe best treatment. Skin biopsy
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examination is recommended to know the nature of the disease. Specific
treatment depending upon the causative agent is recommended.

Epidemic of Staphylococcus aureus in the herd

ANASARCA

It is the edema of subcutaneous tissue and may be caused due to
congestive heart failure, hypoproteinemia (liver damage, kidney damage,
intestinal nematodiasis, enteropathy, protein starvation), hypovitaminosis A,
allergic reaction (angioneurotic edema, insect bites), inflammatory reaction
(clostridial infection, anthrax, pasteurellosis), and compression of lymphatics by
tumors or abscesses (local edema). An edema disease in camels due to
proliferation of hemolytic E. coli has been reported by Ibrahim et al. (1998).

In affected camels there is visible swelling either local or diffuse. The
skin is puffy and pits on pressure. Usually there is no pain except in
inflammatory edema. Usually the underside of the trunk is involved.

Treatment should be attempted to remove the primary cause and
administration of diuretics and drainage of the fluid. Antihistaminics should be
given for allergic edema.

LYMPHADENITIS

Inflammation of the lymph nodes usually occurs by spread of infection
from the skin. The most important causes in the camel include, caseous
lymphadenitis due to Corynebacterium pseudotuberculosis, staphylococcal
dermatitis, cutaneous tuberculosis, and Histoplasma farciminosum (Spesivtseva
and Noskov, 1959).

Abscessation or ulceration usually exists at the original site of infection.
The lymph vessels leaving the lesion are enlarged, thickened and tortuous and
often have secondary abscesses or ulcers along their course. In chronic cases
considerable fibrous tissue may be laid down in the subcutaneous tissue.

For the treatment it is essential to remove the focus of infection either
by medical treatment or surgical excision.

GRANULOMATOUS LESIONS
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Granulomatous lesions of the skin occur as nodules, plaques and ulcers.
The lesions are hard, cold, and progress slowly. Some of the common causes in
camels are infection with Mycobacterium sp., Actinobacillus sp. (Arora et
al.,1973; Purohit et al., 1988), Corynebacterium sp., and infestation with

L : y P

Fibroma, deep-seated abscess

After removal of the abscess
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Onchocerca sp. and Hypoderma sp. larvae. Granulomatous lesions can also occur
in both the sexes during summer months due to sprinkling of urine on the hind
legs (Manefield and Tinson, 1996). Treatment will depend on the causal factor.

CONGENITAL SKIN CONDITIONS
Schwartz and Dioli (1992) have reported idiopathic alopecia, a rare
congenital defect.

PEDESTAL INJURIES

The sternal or pedestal pad is frequently injured and is very difficult to
treat because it has to come in contact with the ground and bear weight of the
animal while sitting. The area becomes bruised, punctured, and infected forming
abscesses. The condition is very painful which makes the animal reluctant to sit.
A significant amount of fibrous tissue may also form (Purohit et al., 1986;
Purohit and Chouhan, 1992).

Occurrence of sternal fibroma and lymphosarcoma is also reported in
camels (Bolbol et al., 1992).

Treatment consists of opening the abscess, draining pus, and treating
wound with some antibacterial preparation. The fibrous tissue should be removed
surgically. A donut shaped pad secured on the area helps in preventing the area
being frequently injured.

DISEASES OF FOOT

The camel has ability to traverse through sandy and rough terrain due to
special morphology of its foot (Bligh et al., 1976). The soles of the feet in camels
are provided with a pad beneath the corium. This pad is composed of much
elastic tissue attached to the flexor tendons and the second and third phalanges of
each digit. The pad of each limb is fused to enclose the two digits in one pad.
The claws or nails do not bear weight, but protect the tip of the toe (Yagil, 1985).

Clusters of branched alveolar glands in the subepithelial connective
tissue of the foot pad of camel have been reported (Karkoura, 1986). Evaporation
of the gland secretion play an important role in maintaining the foot pad
temperature constant when the temperature of the surroundings is high (Saber et
al., 1994). Moreover, the highly coiling and branching nature of the glands as
well as their deep location from the solar surface of the foot pad seems to match
the adaptive feature of the foot pad to the adverse climatic conditions (Saber et
al., 1994). It provides profuse amount of secretion, which becomes preserved
deeply far from the sole, though, the chance of rapid evaporation will be
controlled.

Thick keratinisation at the sole surface makes heat and foreign body
particles impermeable, enabling camel to move on hot desert and thorny strech.
Despite these anatomical advantages the camels do suffer with occupational
hazards i.e., burn injuries on foot while working in kilns, bruised sole in those
moving on the roads, fracture of digits in those working in mines, and punctured
foot in those being used for draught purposes in the urban areas (Singh and
Gabhlot, 1997).

Lesions of the foot pad usually result in various degrees of lameness, hot and
painful swelling and reluctance to move. Treatment of an injured foot pad
presents a serious challenge. Position and function leads to continuous soiling
and irritation of the wound. Good nursing, care, and rest have yielded successful
results in curing the condition. The treatment should include removal of the
foreign body, removing of dead tissue, and application of protective bandage or
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boot. In neglected cases surgical amputation of the dead portion of the foot is
required.

The following pathological conditions of feet are frequently observed in the
camels:

PUNCTURED SOLE
The sole can get punctured by thorns, nails, glass, metallic wire, bones, sharp
rock, etc. Lameness ensues suddenly after penetration. Cellulitis can develop in case
the wound becomes infected. If the depth of penetration is more, prolapse of the
digital cushion can develop. Osteomyelitis can also develop if infection spreads to
the bones of the foot. This may lead to necrosis of the bones (Singh and Gahlot,
1997).

For treatment the foreign body should be probed or be located by X rays or
ultrasonography and should be removed. Wound should be washed thoroughly and
some antiseptic, antibiotic or sulpha drug applied on the wound. The wound should
be covered by some bandage. The local treatment should be supported by injection
of some suitable antibiotic and antitetanus serum (Manefield and Tinson, 1996).

WORN TOE NAILS

Racing camels suffer from this condition very frequently, especially when they
are on rough ground instead of sand. Some camels have more tendency of
developing this condition due to their low foot flight in the pacing gait. The hind feet
are more prone to this condition. Sometimes the laminae get exposed and bleed due
to wear (Manefield and Tinson, 1996).

For treatment the affected animals should be kept on sand and some suitable
antiseptic or antibiotic be applied. The foot should be protected by bandage or boots.
This should be practised until new nail grows.

CRACKED OR TORN NAILS

If the nails are not trimmed regularly and are left over grown, they tend to
crack and may break right off at the nail bed. If the loose nail is not noticed a new
nail starts growing beneath it. It takes 6-8 weeks for the regeneration of completely
lost nail. If regular trimming of the nails is done, the condition can be prevented
(Manefield and Tinson, 1996).

FOOT GANGRENE

It has been observed in the camel. The exact cause of this condition is not
known. Proteus vulgaris has been isolated in one case (Ramadan et al., 1984). The
condition commences from the dorsal surface of the foot and descends down. The
only treatment suggested is surgical amputation of the foot (Soliman et al., 1983).

WORN PADS

This condition is very common in racing camels. It is caused by excessive
wearing of the sole when the camels are kept on rough surfaces or due to over
training and over racing. The pad becomes very thin and shiny. Ulcers may develop
due to excessive wear. Affected camels should be given rest on sand. Protecting
foot pads by boots, made of some suitable material, may prove helpful. Biotin
preparations promote healthy growth of the hoof. In case of ulceration some good
antibacterial preparation be applied and lesions be covered by bandage.

As the pad wears, sometimes a flap of it lifts off. Sand and / or gravel may get
impacted under the flap causing discomfort and pain to the animal. It is
recommended to cut the flap, clean the pad thoroughly, and if there is any injury or
ulceration underneath the flap it should be dealt, accordingly. After acute illness
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fissures may also be formed on the foot pad. These may be treated by application of
some antibiotic ointment and improving the nutrition of the affected camel.

HERNIATION OF DIGITAL CUSHION

It may occur due to external trauma where the limiting fibrous tissue of the
digital cushion develops a breach and hernia of the digital cushion occurs. It may be
unilateral or bilateral. The condition is often painless. It appears as a soft reducible,
circumscribed in outline, and decreases in size when the leg is flexed. It becomes
tense and non reducible, while the animal is standing. Herniorrhaphy with silk
sutures may prove helpful in correcting the condition (Singh and Gahlot, 1997).

ELEPHANT FOOT

It is proliferative chronic granulomatous condition of foot, upto fetlock. It can
involve all the soft tissues of the foot, except the pad. Usually, only one foot is
affected. Due to cellulitis and fibrosis the foot becomes very much swollen, and
breaches in the skin and coronary corium develop. The condition is reported to occur
due to bites of sand fly (Higgins, 1986). Usually amputation of the digit is required
to save life of the animal.

DISEASES OF EYES

Occular diseases are quite common among herded camels. Most of these are
traumatic in origin, including amongst these are due to blows, thorns, and other
foreign bodies. Commonly only one eye is affected. In camels browsing on shrubs
and Acacia trees the chances of injury are more. Excessive rubbing due to irritation
of eyelids caused by flies, mites, and ticks can also lead to eye injuries and
secondary bacterial infections. Injuries can also be inflicted in camels by the
handler’s stick. Occasionally, eye infections result in impaired vision or complete
blindness due to opacity and scars. Opacity is a common clinical finding amongst
older camels. Cases of temporary blindness have also been reported (Schwatz and
Dioli, 1992).

CONJUNCTIVITIS
It can occur due to rubbing of eyes due to irritation, usually caused by fly

nuisance, parasitic infestation, or sand getting into eyes, injuries occurring while
browsing, and eyeworm infestation. It can also occur in pox infection (Rathore,
1986).

Flies and other parasitic infestation can be prevented by the use of pour on
insecticidal preparations. Bacterial infection can be treated by application of some
antibiotic ointment or drops, preferably, twice daily.

KERATITIS

The causes of this condition are same as for conjunctivitis. The clinical signs are
lacrimation, photophobia, and corneal edema. Ulcers can also develop. For treatment
application of some ointment or drops containing antibiotic and corticosteroids is
recommended. Healing of ulcers may be achieved by securing the third eyelid on the
cornea by a suture. This can be done by passing suturing needle carefully behind the
T-shape cartilage in the third eyelid, and the eyelid being pulled laterally across the
cornea and sutured on the other side. It is better to put some antibiotic ointment
behind the membrana nictitans while operating. The ointment should be applied
twice daily, until, recovery (Manefield and Tinson, 1996).
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KERATOCONJUNCTIVITIS

This condition, commonly known as pink eye, is frequently observed in
young camels. It is caused by Moraxella spp. (Manefield and Tinson, 1996).
Application of some antibiotic ointment, twice daily, in the eyes is recommended.

PANOPHTHALMITIS

It results from infection being introduced in the eye by some penetrating
object or from deep corneal ulcers. The prognosis is not good in this condition.
Broad-spectrum antibiotics given parenterally may be tried. In some cases affected
eyeball has to be removed.

EYE WORM
Thelazia leesi may infest conjunctival sac of camel. It is transmitted by flies
(Dobrynin, 1972).

HYPHEMIA

Presence of blood in the anterior chamber of the eye is called hyphemia. It
is usually, caused by a blow of stick. In more strong blows the bleeding can also
occur in the posterior chamber of the eye. It takes several weeks until all the blood is
reabsorbed. Permanent blindness can ensue due to clot adherence to the lens and
other damage in the posterior chamber. Treatment recommended is parenteral
administration of some broad spectrum antibiotic and corticosteroid preparation. An
ointment or drops containing broad-spectrum antibiotic and corticosteroid should
also be applied, locally.

ENTROPION

It can occur in old camels. The condition is more common in the males.
Usually one upper eyelid is affected. Often the upper eyelid sags and the lashes turn
in. The herds men often try to relieve the condition by cutting the lashes, which
adversely affects eye as the cut lashes become bristle like. This may leads to
ulceration of the cornea. The condition can be corrected surgically and the eye
treated by local application of antibiotic cream.

DISEASES OF EARS

The camel has relatively small and round ears, which are well haired to give
protection for entry against sand etc. It has also been observed that relatively less
wax is produced in the camel’s ears.

OTITIS EXTERNA

This condition is frequently observed in racing camels. It may be due to
repeated wetting of the ear, as the latter are given bath repeatedly. Injuries due to
parasitic infestation can often become infected leading to this condition. The
infection may spread to meninges causing meningitis. Daily cleaning the area and
application of some broad-spectrum antibiotic or antiseptic ointments is
recommended for treating this condition.

ACRAL GANGRENE

Acral gangrene in a two-month-old camel calf in which 30% of the ears were
dried off has been reported by Nothelfer et al. (1994). The condition was attributed
to blockage of blood supply due to multiple thrombi. Staphylococcus aureus was
isolated from the lesion.
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CARDIO-VASCULAR AND HEMOPOETIC SYSTEM

The morphology of the camel’s heart generally follows the mammalian
model. The heart is 0.60-0.75 percent of the total body weight of the camel.

Heart rate of the camel can be determined by auscultation with the
stethoscope. The head of the stethoscope, being pushed up to the axilla, medial to
the elbow. It is difficult to listen to the heart sounds if the animal is making noises.
Resting heart rate is normally 30-44 per minute. Camel has an ability to keep it low
in very hot environmental conditions by keeping its metabolic rate low. During
exercise maximum heart rate of 150-160 per minute has been recorded. Pulse rate
can be determined, while the camel is standing, from the median palmer branch of
the radial artery as it passes over the medio-palmar aspect of the carpus.

The blood pressure is normally 130 / 100 mm of mercury. Recording of the
electrocardiogram using alligator clips to place the limb leads onto clipped elbow
and stifles and the exploring electrode (V) over the dorsal spinous process of
vertebra T7 have been described in camels. Manefield and Tinson (1996) have
described another method. While the camel is crouching or standing, the leads RA
and LA are attached with alligator clips to the points of the shoulders. Leads of RF
and LF are attached to the skin, respectively, left and right 5 cm lateral to the
posterior end of the pedestal. The exploring electrode is attached over the apex of
the heart on the left side. There is generally no need to clip any hair so long as
electrode gel is liberally applied and the alligator clip can satisfactorily contact the
skin. A normal ECG has a slight irregular rhythm; there is a slight degree of sinus
arrythemia (Jayasinghe et al., 1963). In lead II the QRS is tallest and is upright. The
lowest amplitude is found in lead 1. The P-R interval is 0.24 s; Q-T interval is 0.5 s.
There is a physiological inversion of the T-waves.

Changes occur in the circulation of camel to get adapted to heat. The
camels have comparatively less subcutaneous fat for more successful dissipation of
heat, instead the subcutaneous fat is accumulated at one place, the hump (Schmidt-
Nielsen, 1964). Skin capillaries of the camel have extremely thick walls and narrow
lamina with room for only one erythrocyte to pass at a time. There is no fenestration
in the capillary walls. This indicates that the movement of fluid from the lumen to
the interstitial space is accomplished by transcellular route. The capillary walls thus
prevent the loss of water from the blood vessels during severe dehydration due to
non-availability of water. Heat is dissipated from the skin by radiation, conduction,
and convection rather than transpiration (Yagil, 1985).

There is special arrangement of cerebral arteries in the camel because of its
long neck (Kanan, 1970), which ensures that brain blood pressure will not fluctuate
when animal raises its head while browsing trees and then suddenly lowering the
head to eat from the ground. This is due to the presence of cusps, which are arranged
one above the other along the axis of the veins. Their function is to prevent a back
flow of the blood when there is sudden rise in the pressure in main arteries. These
valves are also present in the femoral vein (Amonroso et al., 1947).
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Hematological and serum biochemical values of dromedary racing
camels of different ages (Wernery et al., 1999)

Blood parameters Age
Upto6 6 months 2to 12 Unit
months to 2 years | years
I'Hemoglobin (Hb) 10.4-13.9 8.5-12.0 12-15 gm/dl
Packed Cell Volume 24.0-31.0 20.0-28.0 | 26-38 %
(PCV)
Mean Cell Volume 29.6-35.1 30.0-34.0 26-34 pm
(MCV)
Red Blood Cell (RBC) 7.4-10.0 6.5-9.0 7.5-12.0 | x 10%ul
White Blood Cells (WBC) | 11.5-18.5 9.5-14.0 6.0-13.5 | x 10%/ul
pH NA NA 7.2-73
Neutrophils 53-68 50-60 50-60 %
Lymphocytes 20-44 30-45 30-45 %
Monocytes 0.5-10 0.3-7 2-8 %
Eosinophils 0.3-2.5 1-2.5 0-6 %
Basophils 0.2-2.4 0-1 0-2 %
Platelets 375-820 350-450 200-700 | x 10%/ul
Aspartate 92-200 100-125 60-120 U/

aminotransferase (AST)

Lactate-dehydrogenase 520-730 450-550 400-775 | TUAN
(LDH)

Creatine-Kinase (CK) 175-350 85-120 40-120 1U/1
Gamma-glutamyle 5-15 4-10 3-15 U1
transferase (GGT)

Alkaline-phosphatase 350-750 150-240 60-140 U1
(ALP)

Total Bilirubin (TBIL) 0.0-1.0 0.0-1.0 0.0-1.0 mg/dl
Alanine aminotransferase | 3-15 3-15 3-15 1U/1
(ALT)

Blood Urea Nitrogen 10.0-20.0 10.0-20.0 3-21 mg/dl
(BUN)

Creatinine (Crea) 1.1-1.5 0.8-1.3 0-2.2 mg/dl
Total Protein (TP) 4.9-6.0 4.0-5.5 5.7-7.5 gm/dl
Albumin (ALB) 2.8-3.5 1.8-3.5 3.0-4.5 gm/dl
Iron (Fe) 37-135 40-120 87-135 pg/dl
Magnesium (Mg) 2.0-2.4 2.5-3.5 1.8-2.4 mg/dl
Calcium (Ca) 10.6-12.0 9.0-11.0 9.5-11.5 | mg/dl
Phosphorus (P) 9.6-13.9 6.5-10.0 3.5-6.0 mg/dl
Sodium (Na) 150-160 148-156 150-160 | mmol/l
Potassium (K) 6.5-7.7 5.2-7.8 3.5-5.5 mmol/l
Chloride (Cl) 110-120 110-115 90-110 mmol/l
Glucose (Glu) 70-140 75-120 70-110 mg/dl
Fibrinogen 350-450 250-380 250-400 | mg/dl

NA = not available
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Under normal conditions water in the plasma constitutes about 16% of the
total body water. Plasma albumin, which possesses water-attracting properties, is
present in relatively large concentration in camel (Siebert and Mac Farlane, 1975).

As the plasma volume determines the heat transporting capabilities of the
blood, the dehydrated camel loses about 5% of its plasma volume compared with
other ruminants. Cattle lose 19% of their plasma volume when dehydrated for 2 days
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and sheep dehydrated for 3 days lose 8% of their plasma volume (Mac Farlane,
1968). Plasma volume is maintained in the dehydrated camel by a steady absorption
of water from its alimentary canal. Other factors aiding in plasma volume are all
connected with water-attracting properties are:

Hyperglycemia occurring in dehydrated camel (Yagil and Berlyne, 1977a).
Hypernatremia (Yagil and Berlyne, 1976).

Uremia (Yagil and Berlyne, 1979).

Of essential importance in retaining body water in the dehydrated camel are
the recycling of urea, not only as a source of nitrogen for the production of rumen
flora protein, but also trapping water. Reabsorbed urea from the kidneys remains
only partially in the plasma because it readily enters all of the cells. The passage of
urea and water into the stomachs is especially important to camel (Vercoe, 1969).
Water that enters the stomachs with the urea is reabsorbed in the omasum and
intestines, maintaining plasma water levels.

A healthy camel has an average temperature of 36-36.5°C, rising steadily
through out the day to about 39°C in the evening (Higgins, 1986). The dehydrated
camel only sweats when its body temperature increases above 42°C (Schmidt-
Nielsen, 1964), it sweats very economically (Mac Farlane, 1977). Renal function is
greatly depressed during dehydration (Yagil and Berlyne, 1978) and with the general
decline in metabolism there is an extremely low water turnover rate (Etzion et al.,
1984). The lowest water losses are from the plasma, while highest are from the
alimentary tract. The circulatory integrity of the dehydrated camel is thus preserved,
including the dissipation of the heat to the periphery.

The white blood cells do not show any functional difference in adaptation
to a desert environment. The white cells of camel are responsible for combating
inflammatory conditions, like other mammals. Neutrophils are predominating cells
amongst the leukocytes. The neutrophils of the camel under transmission electron
microscope revealed rounded to spherical outline possessing various sized
cytoplasmic processes. The nucleus has 3-4 lobes and has a perinuclear space in
some of the cells (Singh et al., 1997). In the ultra structural studies of eosinophils, it
is revealed that the nucleus is usually bilobed with chromatin packed densely at the
periphery as compared to the central part. At the ultra structural level, the basophils
show few cytoplasmic processes. Within the nucleus the densely packed chromatin
material is more at the periphery and occupies more space as compared to centrally
placed loose chromatin. The nucleus of the lymphocytes has loosely arranged
electron dense chromatin as compared to other cell types. It also possesses
superficial or deep indentation and in some of the cells, the indentation extends from
one pole of the nucleus to the other. The cytoplasm of some of the lymphocytes has
very dense granules spread all over. The monocytes at their ultra structural level
appear spherical to irregular in shape and have long and wider cytoplasmic
processes. Depending upon the plane of section, the nucleus appears spherical or
indented, or even lobed. The chromatin material within the nucleus is usually
arranged, loosely (Singh et al., 1997).

The size of platelets is smaller than that of human beings. Plasma
prothrombin time is slower in camels, 9.1-10.2 seconds compared to 11.5-13
seconds in humans (Yagil, 1985). The scanning electron studies of platelets revealed
that the blood platelets of camel appear irregular in out line. They have long, slender
and mostly branching cytoplasmic processes (Singh et al., 1997).

The camel red blood cells (RBCs) are ovoid and non-nucleated. They are
somewhat flat, and after dehydration, there is no change in the shape of RBCs.
However, after rapid rehydration the cells become round (Yagil et al., 1974c). The
average dimensions of the camel red cell are: large axis 7.7-10.1 um; short axis 4.2-
6.4 um (Yagil et al., 1974b). The average thickness of the cell is only 2.5 um (Adul-
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Gadir et al., 1979). The number of RBCs is 7.5-12.0x10° /ul in adult camel
(Wernery et al., 1999). The mean corpuscular volume (MCV) is 26-34 um, which is
relatively low than human beings. Mean corpuscular hemoglobin is relatively low
15.5 pg as compared to human beings, which is 29 pg (Yagil et al., 1974b). Mean
corpuscular hemoglobin concentration (MCHC) is much higher in camels (54.4 g
/dl) as compared to human beings, which is 34 % (Yagil et al., 1974b).

The scanning electron microscopic studies revealed that camel erythrocytes
are thin, flat, elliptical or oval in outline (Singh et al., 1997). Jain and Keeton (1974)
reported them to be thin water like, which give these cells a unique capacity to
withstand an abrupt decrease in blood osmolarity. Thin erythrocytes are known to be
osmotically resistant than the relatively fragile thick erythrocytes. Moreover, it has
been shown that camel erythrocytes can double their volume in hypotonic saline
solution before lysis occurs (Perk, 1963).

The camel blood cells sediment slowly. Red cell survival time is 90 days in
winter and 120 days in summer. Due to water deprivation in summer the survival
time increases to 150 days, which is opposite what happens in other species
(Manefield and Tinson, 1996).

HEART FAILURE

The function of the cardiovascular system is to maintain the circulation of
the blood, so that normal exchange of fluid, electrolytes, oxygen, and other nutrients
and excretory substances can be made between the vascular system and tissues. The
maintenance of oxygen requirements is very important especially for the nervous
system, as it is very much susceptible to oxygen deprivation. Failure of the heart as a
pump can result from a defect in filling of the heart, an abnormality in the
myocardium or conducting system, an extensive workload, or a combination of any
of the three.

Heart failure can be either acute heart failure or chronic / congestive heart
failure. Circulatory equilibrium is not maintained when cardiac out put is deficient.
If this develops slowly, compensatory mechanisms, plus the failure of heart itself as
a pump, result in an increase in the venous pressure and congestive heart failure. If
there is an acute reduction in cardiac output, which is caused by sudden cessation of
the heartbeat, it deprives tissues of oxygen and acute heart failure ensues.

Congestive heart failure is caused by endocarditis resulting in valvular
stenosis or valvular insufficiency, congenital valvular defects, rupture of valves,
myocarditis, myocardial degeneration (nutritional or toxic), chemicals affecting
cardiac conduction, and pericarditis. In the very early stages when cardiac reserve is
reduced and decompensation has not yet occurred there is respiratory distress on
light exertion. Congestive heart failure of the left side is manifested by an increase
in the rate and depth of respiration at rest, cough, the presence of moist crackles at
the base and increased dullness on percussion of the ventral borders of the lungs. In
the later stages, there is dyspnea and cyanosis.

In congestive heart failure of the right side, the heart rate is increased and
there is anasarca evident on the ventral part of the body, the neck, and the jaw. The
urine flow is usually reduced and the urine is concentrated and contains a small
amount of albumen. The superficial veins are dilated, particularly, the jugular vein.
The prognosis of congestive heart failure in camels is unfavorable.

Symptomatic treatment of the condition may be attempted in congestive
heart failure.
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ACUTE HEART FAILURE

Acute heart failure can occur where there is severe defect in filling, and
heart fails as a pump, either due to severe tachycardia or bradycardia, accompanied
by sudden increase in workload. The condition can occur in pericardial temponade
(Atrial and ventricular rupture), aortic or pulmonary artery rupture, myocarditis,
nutritional deficiency myopathy (copper or selenium deficiency), some plant
poisoning, and electrocution. It can be laterogenic due to intravenous injection of
calcium preparations, xylazine, concentrated solution of potassium chloride. Rupture
of aortic valve due to increased workload and acute anaphylaxis may cause acute
heart failure. It has also been reported in monensin poisoning in camels (Chaudhary
et al., 1998).

Commonly it occurs during periods of excitement. The animal usually
shows dyspnea, staggering and falling, death usually occurs in minutes of the first
appearance of signs.

In less severe cases, such as which occur in muscular dystrophy the course
of the disease may be as long as 12-24 hours, and clinical syndrome is one of acute
left-sided heart failure. Acute heart failure is considered to be the cause of death in a
significant proportion of camels that die suddenly during training and racing. In
typical acute cases engorgement of visceral veins may be present if the attack has
lasted for a few minutes, but there may be no gross lesions characteristic of
congestive heart failure.

The only treatment suggested is intracardial injection of adrenaline.

PERIPHERAL CIRCULATORY FAILURE

Failure of venous return towards heart occurs when there is peripheral
vasodilatation and pooling of blood in the vessels (vasogenic failure), and when
there is a reduction of total blood volume (hematogenic failure). In vasogenic
failure, blood collects in dilated splanchnic vessels. In the initial stages the total
blood volume is normal but the circulating blood volume is greatly reduced. In later
stages there is reduction of total blood volume and irreversible shock develops as the
peripheral circulatory failure progresses to the hematogenic type.

Common causes are hypocalcemia, septic shock, endotoxic shock, acute
intestinal accidents, severe hemorrhage, and severe dehydration.

Clinical signs are general depression, weakness, fall in body temperature,
increase in heart rate with abnormalities of the pulse, and increased shallow
respiration. Nervous signs, including depression, listlessness, and coma are also
observed. Blood examination usually shows eosinopenia, lymphocytopenia,
thrombocytopenia, and hyperkalemia. Metabolic and lactic acidosis is also evident.

Treatment comprises of restoration of circulating blood volume. In
hematogenic failure lost fluids should be replaced, the type of replacement depends
on how the loss has occurred; in shock, plasma is required; in dehydration, isotonic
fluids, and in hemorrhage, whole blood. Large quantities of fluid may be required to
restore circulating blood volume. Disturbances in acid-base status are usually
corrected by reestablishment of adequate tissue perfusion, however, where there is
marked lactic acidosis specific bicarbonate therapy should also be instituted. A large
dose of corticosteroids may be beneficial. The cyclooxygenase inhibitor flunixin
megalamine, and phenylbutazone may be of value in endotoxic shock.

CARDIOMYOPATHY

A large number of bacterial, viral, parasitic diseases and nutritional
deficiencies can cause cardiomyopathies. Calcific cardiomyopathy has been
described in camels (Finlayson et al., 1971). It is caused by bacteremia (navel ill),
clostridial infections, sarcosporidiosis, chronic copper deficiency, and poisoning by
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selenium, arsenic, mercury, phosphorus, lithium, xylazine, monensin, gossipol from
cotton seed cake, and some plants. It can also occur due to embolic infarction. In
most of these conditions myocardial involvement is part of the total spectrum,
although, cardiac manifestation may be clinically predominant.

In early cases, a decreased exercise tolerance is the usual initial presenting
sign. This is usually accompanied by an increase in heart rate and heart size. There
may be clinically recognizable abnormalities of rate and rhythm, particularly
tachyarrthmia associated with multiple ventricular extra systoles. In cases with more
severe myocardial damage, there may be sudden death or attacks of cardiac syncope
due to acute heart failure, or severe dyspnea and general edema due to congestive
heart failure.

Electrocardiography gives a good indication of the status of the
myocardium even though the type of lesion cannot be diagnosed. Elevated ALT,
AST, and lactic dehydrogenase may be of diagnostic significance in
cardiomyopathies.

Treatment consists of dealing with the primary cause.

PERICARDITIS / TRAUMATIC PERICARDITIS

Perforation of pericardial sac by an infected foreign body occurs commonly
in cattle, but it has also been reported in camel (Hegazy et al., 1995). Localization of
a blood born infection of the pericardium occurs sporadically in many diseases such
as pasteurellosis, colibacillosis, Pseudomonas aerogenosa, and streptococcus
infection. Direct extension of infection from pleurisy or myocarditis may also occur.

Said (1963) induced traumatic pericarditis experimentally in a camel. The
percentage of ingestion of sharp metallic foreign objects is very low in camels
(Purohit et al., 1982). Several factors may affect the low prevalence of traumatic
pericarditis in camels. It can be grazing nature and anatomy of mouth and lips
(Higgins, 1980) and selective prehension by lips (Gahlot and Chouhan, 1992). The
relative location of reticulum and heart is also a factor, which prevents the
occurrence of traumatic pericarditis in camels (Smuts and Bezuidenhout, 1987).

Hegazy et al. (1995) have reported traumatic pericarditis in a 3-year old
male camel at autopsy. They observed that the animal was unable to stand after
repeated attempts to make him stand, so the camel was slaughtered. Postmortem
examination revealed severe emaciation, hydrothorax, hydroperitoneum, and heart
was greatly hypertrophied with thickened pericardium resulting from enormous
fibrin deposition. The pericardial sac contained serofibrinous exudate. Ventricular
hypertrophy and subendocardial hemorrhages were seen. There were clear adhesions
between the reticulum, diaphragm and heart. A cord like fibrinous sinus tract, about
2 cm in length connecting the reticulum with the pericardium near the apex of the
heart was observed. Sharp foreign bodies were not detected. However, there were
about 7 blunt undigested hard desert fruits and one plastic bag in the reticulum or the
rumen contents.

SPONTANEOUS ATHEROSCLEROSIS

Atherosclerosis is focal thickening of the tunica intimidalis of arteries due
to deposition of lipids. Ezzi and Zakarian (1979) have reported this condition, in
camels from Iran. They found the prevalence of condition to be 1.5% in 200 camels.

KAPALI

It is an Indian term for a condition in which there is specific inflammation
of the facial vein (Rathore, 1986). The infection sometimes spreads to the orbital
cavity and consequently results in the formation of supraorbital and retrobulbular
abscesses. Fever and anorexia accompany the condition. The affected vein becomes
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very prominent and there is diffuse swelling of the face, exophthalmia, and the
animal keeps its head high to relieve pain. If untreated the infection may spread to
the brain, causing death of the animal. Sometimes, the condition has been seen
associated with neglected gangrene around the nose peg.

For the treatment, affected eye should be removed and some suitable
antibiotic should be given by injection, along with local antiseptic treatment.

HEMORRHAGIC DISEASE

A condition associated with acidosis, mostly observed in racing camels of
both sexes, known as hemorrhagic disease (HD) is prevalent in UAE (Wernary et
al., 1992). Camels between 2-3 years of age are usually affected. This condition
prevails during the hot and humid summer months. Several animals in a herd can be
affected.

Etiology

The exact cause of disease is not known. Much aerobic bacterial growth is
seen in the tissue samples. The predominent bacteria isolated were: E. coli,
Pseudomonas aerogenosa, Proteus spp., Klebisiella pneumoniae,Staphylococcus
aureus and other species of Staphylococcus, and Diplococcus.Clostridium
perfringens (type A) was olso isolated from various organs and intestinal tract
contents in camels which had died from HD. In two cases Aspergillus fumigatus was
isolated from macerated lung and ruminal contents (Wernary et al., 1992). El-
Khouly et al. (1992) observed Aspergillus fumigatus in the smears from trachea,
bronchi, and bronchioles of some necropsied animals. No viruses have so far been
isolated from the camels suffering from HD. According to Wernary et al. (1992)
Bacillus cerreus and its toxins, which are already present in fresh alfalfa plants when
fed to camels may be responsible for HD.

It is quite difficult to differentiate between Clostridium perfringens and
HD. Both diseases usually start with acidosis. Stress of early training, heat, and
severe training could be an exciting cause of the disease.

Clinical Findings

Affected animals are off feed, depressed and have fever upto 41°C. During
early stages some camels have cough, and a marked uni or bilateral enlargement of
the submandibular lymph nodes. There is complete ruminal stasis with gurgitation
and abdominal pain. By the third day, blood coated whole fecal droppings could be
removed from the rectum. No diarrhea is apparent although in some animals,
unclotted blood is seen to be dripping from the anus. The animals become
recumbent 2-3 days before death at which time most animals develop lacrimation
and salivation. Some animals may develop nervous signs, like muscle fasciculation,
head shaking, and opisthotonus, before death. There is marked leukopenia and
massive increase in AST, ALT, GGT, ALP, CK, and LDH. The pH of the ruminal
fluid of the necropsied animals ranges from 4-5.

At necropsy hemorrhages of varying sizes and severity are seen in the
mucous membrane of pharynx, trachea, abomasum (some times there is ulceration),
intestines (mainly ascending colon), and renal pelvis. Hemorrhages are also seen on
the epicardium and under the endocardium. Lymph nodes are enlarged and contain
hemorrhages of varying sizes. Corresponding to gross changes histopathological
changes observed in the lymphoid tissue include necrosis of follicular centres and
hemorrhages of varying sizes. There is loss of lymphocytes. Hemorrhages of
varying sizes are seen in many tissues of the body.
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Treatment

If the disease is diagnosed in early stages on the basis of clinical signs and
clinical pathology the prognosis is favorable. Treatment should be focussed upon
neutralization of ruminal acidity through administration of antacids. Sodium
bicarbonate (500 gm given twice daily per os) should be commenced immediately.
Antibiotics are also considered to be effective by some veterinarians. Administration
of isotonic intravenous electrolytes with vitamins and glucose are also helpful. It is
recommended to store alfalfa in a way that heat within it should not reach at a point
for maximal growth of bacteria and fungi. As soon as the bundles are recieved on
the farm it should be spread out on racks (Manefield and Tinson, 1996).

Streaks of blood mixed with Hggsim abomasum
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Tarry feces
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Ulcerative lesions under the lips

Unchecked bleeding after removal of canula. Blood does not clot.
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EDEMA
Edema, excessive accumulation of fluid in the tissues, can affect camels
like other animals. It can be local or general.

Etiology

It can result from increased hydrostatic pressure in the -capillaries
(congestive heart failure, portal hypertension due to hepatic fibrosis causing ascites,
compression of mammary veins by the large fetus causing mammary or ventral
edema in late pregnancy). It can occur due to decreased plasma osmotic pressure
(hypoproteinemia) due to continued blood loss due to parasitic infestations, renal
disease causing continued protein loss, liver damage causing failure of synthesis of
plasma proteins, and malnutrition. It can also occur due to obstruction of lymphatic
flow (due to inflammation and pressure of tumors etc.) and vascular damage to small
vessels (allergic edema, toxic damage in anthrax, gas gangrene, colibacillosis
(Ibrahim et al., 1998), certain plant poisons, and trypanosomiasis).

Clinical Findings

Accumulation of edema transudate in the subcutaneous tissues (anasarca) is
usually confined to the ventral wall of the abdomen and thorax. Edematous
swellings are soft, painless and pit on pressure. In ascites there is distension of the
abdomen and the fluid can be detected by a fluid thrill on tactile percussion. In the
fluid accumulation in the pleural -cavity (hydrothorax) pericardial sac
(hydropericardium) the clinical signs produced include restriction to cardiac
movements, embarrassment of respiration, and collapse of the ventral part of lungs.

Localized edemas cause localized signs; pulmonary edema is accompanied
by respiratory distress; cerebral edema is manifested by severe nervous signs.

Treatment

The treatment should be focused at correcting the primary cause. In protein
deficiency edema the animal should be given protein rich food. Administration of
intravenous amino acids may also help. Diuretics help in relieving the symptoms.
Aspiration of fluid is sometimes indicated to relieve excessive pressure, which
should be done very carefully to prevent shock.

ANEMIA

Anemia is defined as deficiency of erythrocytes and / or hemoglobin. It can
occur due to hemorrhage and intravascular hemolysis. It can also be caused due to
decrease in the production of the erythrocytes in the hemopoetic tissue.

Hemorrhages can occur due to spontaneous rupture or traumatic injury to
large blood vessels. Important causes of hemorrhagic diseases in camels include:
Thrombocytopenia induced by drugs that cause bone marrow suppression or
premature destruction of circulating platelets due to probably, mycotoxins; massive
haemonchus infestation; gastric ulcers in racing camels; heavy tick and sucking lice
infestation; pulmonary hemorrhage in racing camels; bleeding from the kidneys,
ureters, and urethra due to infection or calculi; coccidiosis; hemorrhagic diathesis,
which is believed to be caused by toxins in connection with acidosis (Wernery et al.,
1992).

Hemolytic anemia is caused by trypanosomiasis, poisoning by kitchen
waste (onions, tomatoes etc.), treatment with long acting oxytetracycline, and due to
biting by some snakes.
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Anemia due to decreased production of erythrocytes or hemoglobin is
observed in nutritional deficiencies, chronic diseases, or depression of hemopoitic
tissue by drugs (chloramphenicol) and exposure to radiation. Nutritional deficiencies
include cobalt, copper, iron, pyridoxine, and folic acid deficiency. Chronic diseases
causing anemia include suppurative processes.

Paleness of the mucous membranes is the out standing clinical sign, but
appreciable degree of anemia can occur before this change is noticed. The anemia
affects the performance of racing camels. In clinical cases of anemia there is
muscular weakness, depression, anorexia, increased heart rate, the pulse has a large
aptitude, and the absolute intensity of the heart sounds is markedly increased.
Clinical signs do not appear until the hemoglobin level of the blood falls below
about 50% of normal. The erythrocytic count and hematocrit are usually decreased.
In hemorrhagic and hemolytic anemias there is an increased number of immature red
cells in the blood. In hemorrhagic anemia there is fall in total serum protein. In
hemolytic anemia plasma is discolored by hemoglobin. The anemia in iron
deficiency is microcytic and hypochromic. In vitamin B deficiency anemias the
number of immature erythrocytes increase in the circulation. In copper deficiency
anemia number of nucleated erythrocytes increase in the blood (Wernery et al.,
1999).

Treatment of the primary cause of the anemia is essential. In acute
hemorrhagic anemia blood transfusion is recommended.

LYMPHOBLASTIC LEUKEMIA

Afzal and Hussein (1995) have reported lymphoblastic leukemia in camels.
Some cases have been observed in Central Veterinary Laboratory, Dubai. In our
laboratory (Veterinary laboratory, Abu Dhabi Municipality), ten cases of
lymphocytic leukemia have been diagnosed in a period of seven years. Chouhan et
al. (1986) were not able to find antibodies to enzootic bovine lekcosis (EBL), from
sera of camels, from India. Wernery and Wernery (1990) also found sera of 986
camels negative for EBL. Wernery and Kaaden (1995) reported that sera from all the
cases of camel lymphoblastic leukemia to be negative to EBL. The etiology of the
disease is not known. The condition is usually fatal. At autopsy enlargement of the
lymph nodes and cachexia was consistent in all the cases died of lymphoblastic
leukemia.
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NERVOUS SYSTEM

The structure of nervous system of camel is almost same as that of other
ruminants. Smuts and Bezuidenhout (1987) have given good description of the
structure of nervous system of dromedary.

Discrete lesions of the central nervous system resulting in well-defined
neurological signs are not common in camels. Most of the nervous diseases
encountered are characterized by diffuse lesions caused by viruses, bacteria, toxins,
nutritional disorders and embryological defects. The camel practitioners should look
for whether the animal has meningoencephalitis, cerebral edema, increased
intracranial fluid as occurs in vitamin A deficiency, or whether the lesion is at the
neuromuscular junction as occurs in tetany due to magnesium deficiency.
Examination of cerebrospinal fluid is a great tool in large animals for the diagnosis
of the nature of nervous system diseases.

Because of limitations in the neurological examination of camels, there
must be more emphasis on the history and epidemiological findings. Many of the
diseases have epidemiological characteristics which give the clinician a clue to the
possible causes.

The functions of the nervous system are directed at the maintenance of the
body’s spatial relation with its environment. Several divisions of the nervous system
perform those functions including: (a) the sensory motor system responsible for the
maintenance of normal posture and gait; (b) autonomic nervous system controlling
the activity of smooth muscles and endocrine glands, and thereby the internal
environment of the body; sensory system of special senses; (c) and the psychic
system which controls the animal’s mental state. The nervous system itself is not
independent of other organs and its functional capacity is regulated to a large extent
by the function of the other systems, particularly the cardiovascular system. Hypoxia
(anoxia), due to cardiovascular disease, quite commonly leads to altered cerebral
function because of the dependence of the brain on an adequate oxygen supply.

Nervous tissue is limited in the ways in which it can respond to noxious
influences because of its essentially coordinating function. The transmission of
impulses along nerve fibers can be enhanced or depressed in varying degrees, the
extreme degree being complete f