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EDITORIAL

SOUTH AUSTRALIA TO CULL 10,000 CAMELS-
INHUMANE AND UNETHICAL

Thousands of camels in South Australia will be shot dead from helicopters as a result of
extreme heat and drought. The marksmen who will shoot the animals come from Australia’s
department for environment and water. A five-day cull started on Wednesday, as Aboriginal
communities in the region have reported large groups of camels damaging towns and buildings.
Some complain that they are roaming the streets looking for water and we are worried about
the safety of the young children and others say that we have been stuck in stinking hot and
uncomfortable conditions, feeling unwell, because all the camels are coming in and knocking down
fences, getting in around the houses and trying to get water through air-conditioners. The slaughter
will take place in the area of Anangu Pitjantjatjara Yankunytjatjara (APY) - a sparsely-populated
part of South Australia which is home to a number of indigenous groups. Some feral horses will
also be killed. The camel cull is not directly linked to the fires crisis but owing to ongoing dry
conditions and the large camel congregations threatening all of the main APY communities and
infrastructure, immediate camel control was needed. Killing camels is a inhumane and unethical.
Government of Australia should instead find some other measures to provide drinking water to
these camels who are encroaching in human dwellings.

People’s Republic of China organised 7th China Camel Industry Development Conference
(2019) in Ejina Banner, Alxa League, Inner Mongolia, China from 25 to 27 November 2019. China
is marching ahead in developing camel product industry in a big way.

The closing issue of year 2019 is rich in the manuscripts based on Bactrian and dromedary
camels, both. Bactrian based manuscripts covered the topics, i.e. proteome profiles of
hypothalamus, pituitary gland, adrenal glands and kidney, proteomic characterisation of
serum during breeding cycle, isolation, culture and identification of skeletal muscle satellite
cells, Dipetalonema evansi infection Itraconazole effect on the pharmacokinetics of midazolam.
The manuscripts based on dromedary covered the topics, i.e. pharmacokinetics of cefquinome,
pancreas of the camel foetus, beta casein gene polymorphism in Indian camel breeds, antibacterial
functions of neutrophil and monocyte in newborn calves, assessment of genetic variability in Kappa
casein gene, histology of atrioventricular node and atrioventricular bundle in foetus, molecular
identification of 20 Escherichia coli isolates from dead neonatal camel calves, multiple splenic
abscessation, ovarian neoplasms and Sertoli-Leydig cell tumour. This issue also contains review
of a new important reference book “Handbook of Research on Health and Environmental Benefits
of Camel Products” authored by Omar Amin Alhaj, Bernard Faye and Rajendra Prasad Agrawal
which is published in the United States of America by IGI Global.

I wish a Merry Christmas and Happy New Year 2020 to all the members of the editorial board
and esteemed authors. I am sure that Journal of Camel Practice and Research will continue to serve
as an important resource of Camelid literature across the world.

gt

(Dr. T.K. Gahlot)
Editor
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PROTEOME PROFILES OF HYPOTHALAMUS,
PITUITARY GLAND, ADRENAL GLANDS AND
KIDNEY OF BACTRIAN CAMEL

Bin Yang!, Tuya®, Tuya Liu®, Haobo Li!, Erdendalai?, Haifeng Huang?,
Surlig®, Bayartai® and Demtu Er!

ICollege of Veterinary Medicine, Inner Mongolia Agricultural University, Huhhot 010018, China; Key Laboratory of Clinical
Diagnosis and Treatment Technology in Animal Disease, Ministry of Agriculture, P.R. China, Huhhot 010018, China
Detachment of Alxa league Agriculture and Animal Husbandry Comprehensive Administrative
Law Enforcement, Bayanhot, 750306, Inner Mongolia Autonomous Region, P.R. China
3Veterinary Bureau of Alxa Left Banner, Bayanhot, 750300, Inner Mongolia Autonomous Region, P.R. China
#Animal Supervision Station of Agriculture and Animal Husbandry Integrated Service Centre, Barenbelle Town,
Alxa Left Banner, 750308, Inner Mongolia Autonomous Region, P.R. China
SAgriculture and Animal Husbandry Integrated Service Centre of Yinggen Sumu,

Alxa Left Banner, Inner Mongolia Autonomous Region, P.R. China

ABSTRACT

The hypothalamus-pituitary-adrenal (HPA) system is a neuroendocrine system that is closely linked to stress
and the restoration of homeostasis. The kidney plays an important role in regulating water metabolism. We identified
proteome profiles of hypothalamus, pituitary gland, adrenal gland and kidney of Bactrian camel using a shotgun
proteomic approach. GO annotation and KEGG were predicted using bioinformatic tools. As a result, a total of 2016,
1412,1333 and 2294 proteins were identified, respectively. We found that the four organs are equipped with a variety
of functional proteins related to metabolic process, cellular process, biological regulation, catalytic activity, binding,
cell, cell part and organelle. More than 300 pathways in each tissue were identified by KEGG analysis. Plenty of
proteins related to adaptation to the desert environment were identified.

Key words: Bactrian camel, proteome, shotgun

Camel is an important livestock species
uniquely adapted to hot arid environments. Camels
have the incredible capability to withstand thirsty,
thermal stress and other harsh environmental
conditions (Hoter et al, 2019). The hypothalamic-
pituitary-adrenal (HPA) axis is central to homeostasis,
stress responses and energy metabolism (Miller, 2018).
The camel’s kidneys play a major role in the process
of conserving water through increasing the osmolarity
of urine (Gebreyohanes and Assen, 2017).

Vasopressin is synthesised mainly in the
neuroendocrine neurons of the supraoptic,
paraventricular and suprachiasmatic nuclei of the
hypothalamus. Vasopressin participates in the
regulation of the water-electrolyte balance through
the regulation of water and electrolyte transport in
the renal tubules (Szczepanska-Sadowska et al, 2018).
The rennin-angiotensin-aldosterone system (RAAS)
regulates water-electrolyte balance by regulating
reabsorption and excretion of Na*, K and CI” in the

kidney (Yamazaki et al, 2019). Renin is predominantly
produced and secreted by the kidney (Peters, 2008).
Aldosterone is synthesised in and secreted from the
adrenal cortex (Bollag, 2014). We speculate that there
are plenty of proteins related to regulation of the
water-electrolyte balance in hypothalamus, pituitary
gland, adrenal gland and kidney of Bactrian camel.

Several attempts have been carried out to
understand the mystery of camel adaptation to the
desert environment (Warda et al, 2014; Wu et al, 2014).
However, there is no detailed report on the proteome
of hypothalamus, pituitary gland, adrenal glands
and kidney from Bactrian camel. To understand
functions of neuroendocrine organs and kidney from
Bactrian camel, it is important to define the molecular
constituents of proteome profiles of these organs.
The aim of the present study was to identify whole
proteome profiles of hypothalamus, pituitary gland,
adrenal glands and kidney of Bactrian camel using
shotgun proteomic approach.

SEND REPRINT REQUEST TO DEMTU ER email: eedmt@imau.edu.cn
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Materials and Methods

Transcriptome databases construction

Two adult bactrian camel at 10-years-old were
used to harvest tissues. Hypothalamus, pituitary
gland, adrenal gland and kidney from camels were
collected and frozen in liquid nitrogen and stored
at —80°C. Total RNA from 4 tissue samples were
extracted according to the manufacturer’s protocol.
The total RNA quantity and purity were analysed.
Sequencing libraries were constructed and sequenced
on an [llumina Hiseq platform. After reads mapping
to the reference genome, four-frame translation of our
own hypothalamus, pituitary, adrenal and kidney
transcriptome databases were constructed.

Shotgun

Sample pretreatment

Each sample was added SDT lysis buffer
and homogenated . The sample was sonicated and
incubated at 100°C for 10 min, then centrifuged at
12000g for 30 min. The supernatant was collected.
Protein concentration was determined with BCA
method.

FASP

The proteins were added with DTT and
incubated at 100°C for 5 min. The sample was added
with UA buffer and centrifuged at 14000g for 15 min.
Then, IAA buffer was added and incubated for 30 min
at room temperature in the dark. After centrifugation,
UA buffer was added and centrifuged at 14000g for
15 min. NH,HCO, was added and centrifuged at
14000g for 15 min. Trypsin buffer was added and and
incubated at 37°C for 16-18 h.

LC-MS/MS

The LC-MS/MS analysis was performed on an
Easy nLC system and Q-Exactive mass spectrometer
system (Thermo Scientific). The sample was loaded
onto a trap column (2cmx100pm, 5pm-C18, Thermo
Scientific) and then separated onto a analytical

column (75pmx100mm, 3pm-C18, Thermo Scientific)
at a flow rate of 300 nL/min. Mass spectra were
acquired with an Exactive mass spectrometer (Thermo
Scientific). MaxQuant software was employed for
protein quantitation. Only the protein identifications
with false discovery rate (FDR) 1% or less were
accepted in the final dataset.

Results and Discussion

A total of 2016 proteins in the hypothalamus,
1412 proteins in the pituitary gland, 1333 proteins
in the adrenal gland and 2294 proteins in the kidney
were identified using shotgun proteomic approach.
These proteins were associated with metabolic
process, cellular process, biological regulation,
catalytic activity, binding, cell, cell part and organelle
(Fig 1).

V-type H+-transporting ATPase subunit a,
d, A, B, C D,E F H,G, V-type H+-transporting
ATPase 16kDa proteolipid subunit and F-type H+-
transporting ATPase subunit alpha, beta, delta,
gamma, b, d, f, g, O, 6, 8 were identified (Table 1).
H+-ATPases have been reported to play an essential
role in renal acid-base homeostasis (Blake-Palmer and
Karet, 2009). The proteomic study showed that H+-
ATPase subunit in camel brain guarantees a rapidly
usable energy supply (Warda et al, 2014).

Ninty seven proteins related to tight junction,
including claudin in the kidney were identified.
Claudins in the kidney have a role in the bulk
reabsorption of salt and water (Yu, 2015). 107 proteins
related to glycolysis/gluconeogenesis in the kidney
were identified (Fig 2). The mammalian kidney
consumes a large amount of energy to support the
reabsorptive work it needs to excrete metabolic
wastes and to maintain homeostasis. Part of that
energy is supplied via the metabolism of glucose
(Chen et al, 2016). Aquaporin-1 (AQP1) in the kidney
was identified. Aquaporin-1 is involved in water
reabsorption in the kidney’s proximal tubules (Dibas
et al, 1998).

Table 1. The names of V-type and F-type H+-transporting ATPase subunit proteins identified in four tissues.

Tissues Hypothalamus

Pituitary Gland

Adrenal Gland

Kidney

protein names | V-type H+-transporting ATPase
subunit a, d, A, B, C, D, E, F,
H, G; V-type H+-transporting
ATPase 16kDa proteolipid

subunit;

V-type H+-transporting
ATPase subunit a, d, A,
B,CE G

V-type H+-transporting
ATPase subunit a, d,
A, B, E;

V-type H+-transporting
ATPase subunit A, B,
E,G;

F-type H+-transporting ATPase
subunit alpha, beta, delta,
gamma, d, g, O, 6

F-type H+-transporting
ATPase subunit alpha,
beta, b,d, g, O

F-type H+-transporting
ATPase subunit alpha,
beta, gamma, b, d, O,
6,8

F-type H+-transporting
ATPase subunit alpha,
beta, delta, gamma, b,d,
g, O, 68f

202 / December 2019

Journal of Camel Practice and Research




M Biological Process B Molecular Function B Cellular Component

(%) surajo1] Jo 3TejuadIdg

09 0¥ 0T
L | |

Lo

xordwos remaspoureadns
asdeuds

yaed uora

yxed apjpuedio

11ed uordai refnjEoenXd
aqPuesio

xa[dwo Surureyuos-urajord
UBWIN| PASO[DU-IUBIqUISUL

wonouny te[noajow payeliy
Aj1anoe 19onpsue) Te[noajou
Aj1anoe tojenSar uone[suen

101e[nSa1 uOHPUNy TEMMIS[OW

Ayanoe amoajow [eanjonys

Ajranoe onAperen

Ay1anoe rojengar uonduosuern

uonesyIXojap
10

1 1q nesiuesio dwoo renped
uone[ngai feardojorq
ssadoxd wsrueSio-gnu
uonesIeso]

snnums o) asuodsax
ssadoid [ea130]01q jo uonenSar

ssa01d [edr3ojoiq jo uonendaraapedou
ssao01d [ear3ojoiq jo uonengaraantsod
ssa001d drunyy Ay

W Molecular Function M Cellular Component

(%) sur301g J 2BeguddIRg

xaéduma zeosjowrerdns
asdeuds

xed 20 yedyEd

red asdeuds ueg asdeuds

11ed suerquiaur Jred suerquisw
yred vorna

yred appouedio

J10d uoIa1 te[n[EILNXD
Jred wstueSio o
wsuedIo 1930

appuesio

xordwon Surureyuos-urerord

uonoun( 2> UuaWIN| PIsOU-dULIqUIdUE
uoLA uonoun( 2o

prospnu uoLIA

E8) proapnu

g 3 JIER)

Uotses JeIn[eoe e uorSai re[naoenxe
sueIqUIDW :

SueIquIBWT
AYIADOR I9LLIED Te[nda[ou
uonduny refnddow payoelry
Ayranoe Iednpsues Jenidjow
fianoe 107enBa1 voRE[SULY

Apanoe jueprxonue 10}e[NSa1 UOTOUN Te[NDA[OW
Sey urayord Aj1anoe juepixonue

Burpuiq 8ey urajord

Ananoe wyodsuen Surpur

Ayanoe 1aprodsuen

1AI}OB 3[NID[OW [RINIOINLS

Ayianoe 10ydadar 08xed

AyapoeonAeyes

A1anoe ojenSaruondrosuen
UOREDIIXO0}IP

s1sauaB01q 10 uonesiresio yusuodwod remy[ad
uone[ngai reordojorq

ssa01d wistueo-nmnu

uonesieo0]

snnums o) asuodsax

ssa001d [ear3ojo1q jo uonemgar

ssa001d [ea130]01q Jo uonenSaraaneSou
ssad01d [ea180101q jo uonenSazaansod
ssavoxd orun s

uoneyuawiSid uonejuawSL
UOROWw0d0] uonowod0]
ssadoad reyuswdoaaap ssadoad [eyuswdofaaap
ssanoad [ewsiueS o renyEonmw ssa00ad [ewsiueSio renyEopmw
Surreuis 2 Burpeusy
uotsaype [ea18ojorq g uosaype [eardoforq
ssao01d aaonpodar 2 s50001d 2AonpOIdar
ssanoad TepyEd E uonesImn uaSonmue
uonesaytiord o> El ssad01d renyao
B uoneajrjoxd [j2d
moraetaq & moraeiaq
pmoid ) 2 pmod
ss9001d waysAs dunurwr = ssa001d wysAs sunuwway
Surp 12> = Surpy 20
ssadoad drjoqejawr ssad01d drjoqejewn
uononpoxdax uononpoidax
I T T T T T 1 [ T T T T T 1
009 00§ O00F 00€ 00T OOL 0 009 00 00V OOE 00T  OOT 0
SUI2}0I] JO JdqUINU Y[, Su2301] JO JPqUINU Y],
(%) surajoig jo a8ejuadiag (%) surj01 yo a8ejuadiag

08 09 op 0z 0 08 09 [lig 0z
| L 1 1 1

B Biological Process M Molecular Function B Cellular Component

B xo1dwos xepnasjouwrerdns
A

008 009 00% 00T 0

SUIJ0I] JO IdqUINU Y[,

asdeuss
yaed [

Jaed asdeus

Jaed sueaquiaw

Jaed uorna

31ed ajjour8io

Jaed uora1 rejnyedL XD
aypueio

xoldwod Surureyuos-urajord
Uawn] pasojous-auIqUIaW
wonoun| {15

oA

prosjnu

1
uorBa1 renyEoEnXD
sueiquIaw

faranoe sorres remosgowr
uonouny re[RYB[OW paseliy
A}IADOE 190N pSULL Je[N2d[OW
£y1ap0e 103e[nSa1 uoKE|SUEL
103281 uoRIUN; IE[AOW
Apanoejueprxonue

Surpuiq

Ayranoe seyrodsuen

A31apo€ ondsow eanions
Ay1anoe 10ydodax 081es
faanoe onAeres

mll | _

xardwion xenoajowresdns
asdeuds

jred 20

jred asdeuds

11ed suviquisw

1xed uoraia

3red ajppuesio

11ed uorBax repnyEvEIXG
Jppuesio

xa[dwod Surureyuod-ursjord
UsWIN| paso]oud-duRIqUIAW
uonounl [[25

uoLA

proapnu

&)

uorSarrenjaoenxs
sueiquaw

ATAToR ToLITe) TeMOA[OW
uondUNy Ie[NAOW pasdeliy
Ay1anoe 1eonpsues Jemoajow
A1anoe To1eMSa1 UOTR[SURT
103e[nSa1 UOKOUNS TR[NDI[OW
Ayanoejueprxonue

Burpuiq

Ayranoe reyrodsuer)

Aranoe anoajow [enjonys
Ayanoe 10)dador 0g1ed

Kranpde 1oje[nSar uondrndsuen /»3:2335 :2;{:[?;; uonduosuen

Uoneonop uoneonmonp R

$159U301q.10 UORESIUESI0 JusUOdWOd te[nyPd sisouafoiq 1o uonesuesio juauodwos renyjed
uonenga feardoorq uone; nﬁ;} e21807014 ot
ssaooxd wistueSro-pmur sso';olxd LHSII\IE.SJOI |'q

uonesieso] [ e

sn[nwps 03 asuodsax
ssav01d [ear8ojo1q Jo uonenSax

ssaa01d [ea130]01q Jo uonenSaiaaneSau
ss9201d [ea180]01q Jo uonenSar aamsod
ssa201d oy

M Molecular Function B Cellular Component

uoResI[ed0]
snnwms 03 asuodsax

ssa001d [ea130[01q jo uoneMSar

ssadoxd earojoiq jo uogendaraanedou
ssadoad [edrojorq jo uonenSasaanisod

vonejuawSid ssonoxd oy Ay
uonowodo] uggz;uzl:)ﬂgd

ssa01d [eyustudopoaap vonowiooo]

ss9001d [ews U810 re[EAR N sso0xd [eyuswrdooas

Burpeusis P %saaglc% [:wsgueﬁm TenyEonIW
worsaype [eardoforq g upesls

ssa001d aanonpoidaz g worsaype [eardojorq

uouesgclipn uaSonu £ ssaaoxg aanonpoxdar

ssaooad reqnyen ) ssadoad renn

uonexayrod [[20 g uonexajrjoxd 2>

Jl’lO!Aesqaq Ed Ino;m.’gl{aq

ymou < PMmo )

ssap01d we)sAs sununur & ss2001d woysAs sunuru

Burpy fj2> Surey [0

ssadoad drjoqelawr L] ssadoad drjoqejowr

uopdnpoidax uononpoidax

Journal of Camel Practice and Research

[ T T T T T
009 00s 00F 00€ 00T OOL

o

SUI}0Iq JO IdqUINU YT,

December 2019/ 203

Fig 1. Gene Ontology (GO) categories of proteins identified in hypothalamus (a), pituitary gland (b), adrenal gland (c) and kidney (d) of Bactrian camel.
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Table 2. The names of heat shock proteins identified in four tissues.

Tissues Hypothalamus

Pituitary gland

Adrenal gland

Kidney

protein names | heat shock protein beta-1,
heat shock 70kDa protein
1/2/6/8, heat shock 70kDa
protein 4, heat shock 70kDa
protein 5, heat shock protein

90kDa beta, heat shock

heat shock protein beta-
1, heat shock 70kDa
protein 1/2/6/8, heat
shock 70kDa protein
4, heat shock 70kDa
protein 5, heat shock

heat shock protein beta-1,
heat shock 70kDa protein
1/2/6/8, heat shock 70kDa
protein 4, heat shock
70kDa protein 5, heat
shock protein 90kDa beta,

heat shock protein beta-
1, heat shock 70kDa
protein 1/2/6/8, heat
shock 70kDa protein
4, heat shock 70kDa
protein 5, heat shock

protein 110kDa

protein 90kDa beta

heat shock protein 110kDa | protein 90kDa beta

Proteins related to vasopressin-regulated water
reabsorption in the hypothalamus, pituitary gland,
adrenal gland and kidney of Bactrian camel identified
were 43, 25, 33 and 33, respectively. Elven and 23
proteins related to renin secretion in the adrenal
gland and kidney of Bactrian camel were identified.
5 proteins related to renin-angiotensin system in the
kidney of Bactrian camel were identified. Twenty one
proteins related to aldosterone synthesis and secretion
in the adrenal gland of Bactrian camel were identified.
Ten proteins related to aldosterone-regulated sodium
reabsorption in the kidney of Bactrian camel were
identified. Plenty of proteins related to regulation
of the water-electrolyte balance in hypothalamus,
pituitary gland, adrenal gland and kidney of Bactrian
camel guarantee water-electrolyte homeostasis.

Proteins related to thermogenesis in the
hypothalamus, pituitary gland, adrenal gland and
kidney of Bactrian camel identified were 156, 90,
109 and 196, respectively (Fig 2). Plenty of proteins
related to thermogenesis guarantee Bactrian camel
to adapt to high and cold temperatures. Heat shock
protein beta-1 (HSPB1), heat shock 70kDa protein
1/2/6/8 (HSPA1s), heat shock 70kDa protein 4
(HSPA4), heat shock 70kDa protein 5 (HSPA5), heat
shock protein 90kDa alpha (HSP90A) and heat shock
protein 110kDa (HSP110) were identified (Table 2).
Camel HSPs have been reported to play a key role in
its adaptation to heat stress (Hoter et al, 2019).

The current study can help us to understand
the interplay between proteome-homeostasis in the
Bactrian camel.
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ABSTRACT

The duration of the breeding cycle in male Bactrian camels lasts 2-6 months, depending on geographical
location, environmental conditions, nutritional parameters and health status. In China, the breeding cycle can span
4 months (December to March), except for this period libido is lost. Camels exhibit increased pacing and anxiety,
and display morphological, behavioural and endocrinological peculiarities, including 16-25% weight loss due to
suppressed appetite. Using label-free liquid chromatography-tandem mass spectrometry (LC-MS/MS) shotgun
proteomics, we characterised the proteome at 4 key stages (pro-breeding, breeding, peak breeding and termination
of breeding). We identified 210, 215, 220, 310 and 220 proteins in non-breeding (control) and breeding (stages 1 to 4)
groups, respectively, of which 178 were common to all groups. Among these, 16, 20, 18 and 21 were differentially
expressed (p <0.05), with 4, 9, 11 and 11 up-regulated and 12, 11, 7 and 10 down-regulated in stages 1 to 4, respectively.
Among differentially expressed proteins, 15 up-regulated and 8 down-regulated proteins were altered along with
the breeding cycle. This is the first label-free proteomic characterisation of the Bactrian camel serum proteome. The
findings provide new insight into temporal differences in serum protein composition in male Bactrian camel serum

Vol 26 No 3, p 207-218

during the breeding cycle.

Key words: Bactrian camel, breeding cycle, protein serum proteome, shotgun proteomics

Camels are seasonal breeders, which exhibit
maximum breeding activity during the cstrol cycle,
peaks during the cooler winter and spring season,
while breeding activity ceases almost entirely during
the non-breeding cycle (summer and autumn seasons)
(Zia-Ur-Rahman et al, 2007). The breeding cycle of
male camels lasts between 2 and 6 months, from
December to March in Tunisia (Fatnassi et al, 2014),
November to February in the Gulf Area (Skidmore,
2000). Outside of the breeding cycle, male camels
lose their libido and do not copulate with females,
(El-Hassanein, 2003) even though they appear to
be capable of mating with and fertilising females in
breeding throughout the year (Al-Qarawi, 2005).

During the breeding season, male camels exhibit
morphological, behavioural and endocrinological
abnormalities, including increased pacing and
anxiety, and aggression towards other males and
people, to the extent that they cannot be handled
safely (Cox et al, 2011). Upon entering the breeding

season, male Bactrian camels lose their appetite and
cease ruminating. The abdomen reduces in size, and
consequently, body weight decreases by 16-25%, but
despite this they grow in strength, and begin mating
after gastric emptying.

Studies on sexual behaviour in captive camels
are few in number, although, steroid hormones,
electrolytes and trace elements, which contribute
to controlling reproductive functions in males and
females, have been investigated. These studies
demonstrated that Na, K, Ca and Mg levels in genital
organs are correlated with plasma testosterone (Al-
Qarawi, 2000). Furthermore, steroid hormones,
electrolytes and trace elements have distinct
distributions during different physiological states
(Zia-Ur-Rahman, 2007). Mass spectrometry-based
proteomics approaches have recently been applied
to camel research, specifically for identifying protein
components of camel milk, tear fluids and meat, and
for investigating the stability of camel milk proteins
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after processing. However, information on Bactrian
camel serum proteins remains limited. In the present
study, we assessed the morphology of male Bactrian
camels, analysed serum proteins during breeding and
non breeding periods, and probed the mechanism of
weight loss during the breeding cycle using proteomic
approaches.

Materials and Methods

Animals and experimental design

The present study was carried out at the
experimental station of the camel breeding base at
Aalxa, Inner Mongolia, China. Three healthy male
Bactrian camels were fed a diet consisting of straw,
and grazed in the immediate area in individual
territories.

The general and sexual behaviour of all
animals were observed, and divided the breeding
cycle into 4 stages according to the observation data.
The trial lasted 12 weeks from December to March,
to coincide with the breeding cycle of male Bactrian
camels in China. The sexual behaviour of each
male was observed and a sampling ethogram was
complied. In addition, the frequency and occurrence
of male behavioural events, including frothing of
the mouth, sniffing, grinding of teeth, tail flapping,
nervousness, poll gland secretion, and itching were
recorded. General behaviour included frequency of
feeding, rumination, standing, resting, and walking.
In addition, body weight was recorded every 2
weeks.

Blood samples (30 ml) were extracted from the
jugular vein using 10 ml procoagulation tubes and
separated from blood by centrifugation at 3000g for
20 min at 4°C, and the supernatant was stored in a
1.5 ml centrifuge tube at -80°C until needed. Serum
was separated by centrifugation at 3000g for 20 min
at 4°C, and the supernatant (serum) was stored in a
1.5 ml centrifuge tube at -80°C until further analysis.
Blood samples were taken once a week from the
beginning (December) to the end (March) of the
breeding, including from the non-breeding (control)
group in June.

Ethics Statement

The experiments were performed in keeping
with the ethical guidelines for animal studies of
the Key Laboratory of Dairy Biotechnology and
Bioengineering, and the study received the approval
of the Animal Ethics Committee of Inner Mongolia
Agricultural University.
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Sample preparation

A ProteoMiner protein enrichment Kit
(BioRad) was used following the manufacturer’s
protocol to remove the most abundant proteins. All
samples were depleted and digested identically, and
measured in triplicate. A 10 kDa ultrafiltration tube
was employed to desalinate and concentrate low-
abundance components, and the resulting sample
was mixed with one volume of SDT buffer consisting
of 4% sodium dodecyl sulphate (SDS), 100 mM
dithiothreitol (DTT), and 150 mM TRIS-HCI pH 8.0,
boiled for 15 min, centrifuged at 14,000g for 20 min,
and the supernatant was collected and stored at -80°C
until needed.

Serum proteins (200 pg) from 3 male Bactrian
camels at the same stage were mixed with 30 pL
SDT buffer. UA buffer (8 M urea, 150 mM TRIS-HCl
pH 8.0) was used to remove detergent, DTT and
other low-molecular-weight components by repeated
ultrafiltration using 10 kDa Microcon units, and
100 pL 100 mM iodoacetamide (IAA) in UA buffer
was added to reduce cysteine residues. Samples
were incubated for 30 min in darkness, and filters
were washed three times with 100 pL UA bulffer,
then twice with 100 pL 25mM NH,HCO,. Finally,
protein suspensions were digested with 4 pg trypsin
(Promega, Madison,United States) in 40 pL 25 mM
NH,HCO, buffer overnight at 37°C, and the resulting
peptides were collected as filtrates. Empore standard
density SPE C18 cartridges with an internal bed
diameter of 7 mm and a volume of 3 ml (Sigma)
were used to desalt peptide samples, which were
subsequently concentrated by vacuum centrifugation
and reconstituted with 40 pL 0.1% (v/v) formic acid.
The peptide concentration was then estimated based
on the tryptophan and tyrosine content in vertebrate
proteins by measuring the absorbance at 280 nm using
a UV/vis spectrophotometer with an extinctions
coefficient of 1.1 for a 0.1% (g/L) solution.

Liquid chromatography (LC)-electrospray ionisation
(ESI) tandem mass spectrometry (MS/MS) analysis

Empore standard density SPE C18 cartridges
with an internal bed diameter of 7 mm and a volume
of 3 ml (Sigma) were used to desalt peptide samples,
which were subsequently concentrated by vacuum
centrifugation and reconstituted with 40 pL 0.1%
(v/v) formic acid. A Q Exactive mass spectrometer
coupled with an Easy nLC instrument (Proxeon
Biosystems, now Thermo Fisher Scientific) was
employed for MS analysis. A 5 pg peptide sample was
loaded onto a C18 reversed-phase column (Thermo
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Scientific; 10 cm long, 75 pm internal diameter, 3 pm
resin) equilibrated in buffer A (2% acetonitrile, 0.1%
formic acid) and separated with a linear gradient
of buffer B (80% acetonitrile, 0.1% formic acid) at a
flow rate of 250 nL/min over 120 min controlled by
an IntelliFlow apparatus. The data-dependent top 10
method was used for dynamic selection of the most
abundant precursor ions from a survey scan (300-
1800 m/z) for high-energy collision-induced (HCD)
fragmentation from the MS data.

Determination of the target value was based
on predictive automatic gain control (pAGC) with
a dynamic exclusion duration of 25 s, and survey
scans were acquired at a resolution of 70,000 at m/z
200 with a resolution for HCD spectra of 17,500 at
m/z 200. The normalised collision energy was 30 eV,
and the underfill ratio, which specifies the minimum
percentage of the target value likely to be reached
at maximum fill time, was defined as 0.1%. The
instrument was run with peptide recognition mode
enabled, and all MS experiments were performed in
triplicate for each sample.

Sequence database searching and data analysis
MS data were analysed using MaxQuant
software version 1.3.0.5. MS data were searched
against the NCBI database (ftp://ftp.ncbi.nlm.
nih.gov/genomes/all/GCF/000/311/805/
GCF_000311805.1_CB1). An initial search was
performed with a precursor mass window of 6 ppm,
Trypsin/P cleavage, a maximum of two missed
cleavage sites, and a mass tolerance of 20 ppm for
fragment ions. Carbamidomethylation of cysteines
was defined as a fixed modification, while protein
N-terminal acetylation and methionine oxidation
were defined as variable modifications for database
searching. The cutoff for the global false discovery
rate (FDR) for peptide and protein identification
was 0.01. Label-free quantification was carried out
in MaxQuant as previously described (Luber et al,
2010). Protein abundance was calculated based on the
normalised spectral protein intensity (LFQ intensity).

Bioinformatics analysis

All bioinformatics analyses were performed
with Perseus software within the MaxQuant
computational platform. Potential functions of
identified proteins were analysed using the UniProt
(www.expasy.org) and Gene Ontology (GO; www.
geneontology.org) databases. Identified proteins
were imported into the online Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING)
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database (http://string-db.org) for known and
predicted protein interactions (Franceschini, 2012). In
order to minimise the rate of false positives, protein-
protein interactions confirmed by experimental
study were selected alongside pathways from
curated databases and reported in abstracts of
papers listed on PubMed. Interactions comprised
both direct (physical) and indirect (functional)
associations between proteins. Cluster 3.0 software
was used to investigate the hierarchical clustering of
identified proteins, and Java Treeview was used for
visualisation.

Results and Discussion

Behavioural patterns

The patterns and extent of sexual behaviour of
male Bactrian camels were evaluated for different
breeding periods (Table 1). We observed that tail
flapping occurred more frequently in animals that
were more excited, whereas teeth grinding occurred
constantly, regardless of the level of excitement. These
results suggested that appetite decreased gradually
during the breeding, leading to reduced feeding
frequency and consumption of smaller amounts of
food, and during peak breeding, camels stopped
eating or drinking entirely for several days. According
to appetite, body weight and sexual behavioural
pattern, we divided the breeding cycle into 4 stages,
namely pro-breeding, breeding, peak breeding, and
termination of breeding (stages 1 to 4, respectively).
The breeding cycle of each male Bactrian camel was
divided into these 4 stages (Table 1).

The weight of male camels declined during
the breeding period. In stage 1, body weight was not
obviously changed, but sexual behaviour began to
occur. In stages 2 and 3, appetite and body weight
decreased rapidly, then appetite and body weight
gradually increased in stage 4 (Fig 1).

Analysis of identified proteins

Proteins such as keratins, which can potentially
be introduced during the blood sampling procedure,
were excluded from the analysis. A total of 304
proteins were identified in camel serum during
stages 1 to 4 and in the control group using the
Label-free proteomic approach (Table S1, Supporting
Information). Additional thresholds were also applied
to characterise high-confidence targets in an attempt
to discern the most biologically pertinent proteomic
profiles during different stages of the breeding
cycle. Only proteins detected at least twice in each
group were included, and 207, 215, 218, 238 and 220
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Table 1. Description of the behavioural patterns and appetite of male Bactrian camels during different stages of the breeding cycle.

Behavioural patterns | Description

Frothing of the mouth | Salivary glands exhibit increased secretion of saliva, causing frothing of the mouth.

Sniffing Male camels approach females to sniff the perineal and vulva regions.

Grinding of teeth Male camels move the lower jaw sideways with a closed mouth.

Tail flapping Male camels stand with opened hind legs and hold the tail up for a few seconds, emitting small
quantities of urine and beating the tail rhythmically to spread urine over the croup and surrounding
areas.

Nervousness Increased pacing, anxiety, and sound generation, particularly when females are departing.

Poll gland secretion Occipital poll glands become enlarged and produce a tarry dark secretion.

Itching Male camels rub their neck and occipital area on walls and grass mounds, often rolling to spread scent.

Date 02/12-19/12 | 20/12-02/01 | 03/01-17/01 18/08-02/02 03/02-24/02

Frothing of the mouth 1% camel * Kk * ok ok ¥k ok k * ok k *

2" camel * * Kk *okk Fok kK *okk
3™ camel * *k *dk *kkk * Kk

Sniffing 1% camel * ok * ok Kk ¥k Kk k * %k * %

2" camel * * ok k *kokk * %
3" camel * * *hk *okkk * Kk

Grinding of teeth 1% camel *x *k kK * %k *

2" camel * *k *okk * Kk *k

3™ camel * *k * kK * kK *k
Tail flapping 1% camel *k * kK Jk sk kk Jk Kk Jk

2" camel * * X * %ok ok Fok ok * *

3" camel * *ok Fokk *kkkk *k
Nervousness 1% camel * k * Sk % %k kK * ok Kk * Kk

2" camel * *k *okk ok k k *kok

3" camel * * ok * Kk Yk ok kK %k k
Itching 1% camel * * * %ok %k Hok ok * %k * *

2" camel * *k *kk *okkk *okk

3™ camel * * K * %ok % %k ok * %k
Appetite 1% camel ok k * %k * Jok ok Jk Kk

2" camel ok x ok x * % * * Kk

3™ camel *kok *kok *k * *k

1%t camel pro-breeding breeding br}(::gli(ng ter]rgr; ier::;iir?g of ter]rjr; ier:giiﬁg of

2" camel | Pro-breeding | Pro-breeding breeding peak breeding terg; gc‘eadtiir?g of

3™ camel Non-breeding | Pro-breeding breeding terg ielzltiigg of terg; ielzltiir?g of

Asterisks represent the degree of behavioural expression (% = normal, %% = infrequent, % %% = obvious and frequent, * k k% =

very obvious and frequent, k% % % % = extremely obvious and frequent).

proteins were identified in the control group and
in stages 1 to 4, respectively. Of these, 3, 5, 6 and 15
proteins were unique to each of the corresponding
groups, respectively, and 178 proteins were present
in all groups (Fig 2). These results provide useful
information and highlight changes in serum proteins
in male Bactrian camels during the breeding cycle.
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Statistical analysis of identified proteins

We identified 16, 20, 18 and 21 differentially
abundant proteins (p <0.05) in stages 1, 2, 3 and stage 4,
respectively, compared with the control group (Tables
52~ S5). Of these differential proteins, 4, 9, 11 and 11
were up-regulated and 12, 11, 7 and 10 were down-
regulated in the 4 stages (compared with controls).

Journal of Camel Practice and Research



Among these proteins, 15 including tenascin
(TN), S100A8 and alpha-1-antitrypsin (SERPINAT)
displayed significant and regular changes in line with
progression of the breeding cycle, but the magnitude
of the changes differed. TN was the most highly up-
regulated protein (p<10-7), and levels were increased
in stages 1 to 3, then decreased in stage 4 (Fig 3).
Antithrombin III (SERPINC1) and carboxypeptidase
B2 (CPB2) were significantly up-regulated in stages 2
to 4, but there were no significant differences between
the 4 stages. Tubulin beta (TUBB) and tubulin alpha
(TUBA) were significantly up-regulated during stages
2 and 3, while lipopolysaccharide-binding protein
(LBP) was significantly up-regulated during stages 3
and 4, and S100A8 was most abundant during stage
1 (Fig 3 and Fig S1).

Eight proteins were down-regulated compared
with the control group during the 4 stages. Tensin
(TNS) was the most down-regulated protein
(p <10-6; Fig 3 and Table S2-5), and transferrin
(TF), alpha-2-macroglobulin (A2M), SERPINA1,
alpha-1B-glycoprotein (A1BG) and primary amine
oxidase (AOC3) were decreased continually during
all 4 stages (Fig 3). In addition, TNS, alpha-1-acid
glycoprotein 1 (ORM1) and hemopexin (HPX)
levels initially decreased then increased again as the
breeding cycle progressed (Fig 3 and Fig S1).

Statistical analysis of each group identified 8,
5, 2 and 7 unique differential proteins in stages 1
to 4, respectively. These differential proteins were
compared with the control group, and were also
identified in other stages of the breeding cycle, but
differences in abundance were only significant for
their corresponding stages (Table. S2-5). Regarding
the effects of weight loss during the breeding cycle,
when body weight was at its lowest, this had a
comprehensive systemic effect on the serum proteome
profile. For instance, TN (p <10-11) and TUBB (p <10-
7) were markedly up-regulated by 62-fold and 22-fold,
respectively (Fig 4), whereas A2M and AOC3 (both p
<10-5) were decreased by 0.039-fold and 0.072-fold

(Fig 4).

Cluster Analysis

We selected 36 significantly differentially
abundant proteins for further hierarchical clustering
analysis, and the resulting heatmap showed that
proteins in stage 2 and stage 4 groups clustered
together, then further clustered with the remaining
stage 3 proteins, while stage 1 proteins formed an
independent cluster. Thus, changes in serum proteins
during stages 2 and stage 4 were similar, and were

Journal of Camel Practice and Research

significantly differentially abundant during breeding,
but not during peak breeding.

Characterisation of the serum proteome at different
stages of the breeding cycle

We investigated the putative functions of the
identified differentially abundant proteins during
the different stages of the breeding cycle using
gene ontology (GO) annotation, and categorised
them into molecular function, cellular component,
and biological process functional groups. GO slim
analysis of each stage yielded a similar number of
proteins associated with each biological process,
with the largest number of proteins associated with
biological regulation (230), cellular process (229),
single organism process (273), and response to
stimulus (229), (Fig S2). The most prevalent cellular
component categories were extracellular region (=30)
and extracellular region part (226), (Fig S2). The most
frequently encountered molecular functions were
binding (=31) and catalytic activity (=6), (Fig S2).

GO annotation was applied to 141 proteins
that differed significantly in terms of abundance
between breeding (stages 1 to 4) cycle, including
136 differential proteins in biological process, 132
differential proteins in molecular function, and 137
differential proteins in cellular component. GO
enrichment analysis identified 117 enriched terms for
the 141 differential proteins, and the top 20 are shown
in Fig 6. Three KEGG pathways were identified for
the 141 differential proteins (Fig 7).

This study is the first non-gel-based mass
spectrometry characterisation of the serum proteome
during the breeding cycle in male Bactrian camels. To
date, research on the camel serum proteome has been
limited, and weight loss during the breeding cycle is
poorly understood.

We monitored the sexual behaviour of camels
because direct observation is currently regarded
as the best method for obtaining detailed data on
specific behaviours. Therefore, the observed sexual
behavioural patterns of male Bactrian camels are
descriptions based on observations rather than exact
frequencies. However, during large-scale long-term
continuous observation of animal behaviour, the
number of reliable observations that can be made is
limited, and this holds true for detailed analyses of
behavioural changes associated with the breeding
cycle. Furthermore, the accuracy of the data relies on
the skill of the observer, and can be highly subjective
and variable between observers (Cox et al, 2014).
Although, automated video tracking systems can be
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(Gabay and Kushner, 1999). In the present study,

applied in some studies on animal behaviour, their
practical use currently remains limited to laboratory
mice (Steele et al, 2007; Takahashi et al, 2010) and small

insects (Cullen et al, 2012; Martin et al, 2004).

Changes in the release and/or concentration

of certain proteins in the blood stream are

considered indicative of inflammation, which is
typically considered an acute phase reaction, even
though it can occur in response to either acute
or chronic inflammatory stress (Kushner, 1982).

During inflammation, levels of at least 50 acute

phase proteins (APP) are altered by more than

25% compared with their baseline concentrations
under normal conditions (Gabay and Kushner, 1999;

AmiGO2, 2014). These quantitative changes are
mainly regulated by inflammatory mediators affecting
both innate and adaptive immune systems, as well as

Fig 7. KEGG pathways Identified from the significantly different proteins from breeding cycle (stage 1 to 4).
LBP, HPX, ORM1, TF, SERPINA1 and F8 were altered

at least 25% during the 4 stages, compared with the
control group (54), and were therefore, identified as

APPs. The S100A8 protein is considered a clinical
laboratory marker of inflammation (Foell et al, 2004).
Antithrombin III (SERPINC1), a central component
regulating haemostasis, is a potent anticoagulant
that inhibits procoagulant processes (Opal et al,
2002), and influences the inflammatory process via
its anti-inflammatory properties (Taylor et al, 1988),
whether or not clotting is abnormal (Afshari et al,
2008). In the present work, a strong difference in
the abundance of APPs between the control group
and the 4 stages of the breeding cycle was observed
(Fig 4). ORM1 is a typical inflammation-sensitive

marker of inflammation that is up-regulated by 3-4-

fold after an inflammatory stimulus (De et al, 1994;

Hochepied et al, 2003). In cattle, Hp and SAA are
December 2019/ 215

neuroendocrine, vascular endothelial, haematopoietic,
metabolic, and other defence and repair systems
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major APPs, while fibrinogen, alpha-AGP, Cp and
alpha-antitrypsin are minor APPs. It is, therefore,
speculated that male camels experience inflammation
during the breeding cycle.

TN, identified as tenascin isoform X (also
called tenascin X), was significantly up-regulated
during the entire breeding cycle compared with the
control group. TNX is an extracellular matrix (ECM)
glycoprotein that is absent in adult tissues, only
expressed during late stages of foetal development
(Valcourt et al, 2015). The extracellular matrix (ECM),
not only provides the basic scaffold in organs and
tissues but is also important for regulating tissue
to provide an optimal environment for normal
cell functions (Adams and Watt, 1993). However,
dysregulation of ECM production and proteolysis
is often associated with the onset of pathological
conditions (Duarte et al, 2015). TNX mRNA has been
detected in many organs, such as lungs, kidneys,
testis, mammary and adrenal glands. Especially
in the mouse gastrointestinal tract, including the
stomach, small intestine and colon, contain a higher
level of TNX (Matsumoto, 1994). In addition, TNX
mRNA has been detected in peripheral nerves and
connective tissue structures including the epimysium,
perimysium, skin dermis, muscularis mucosa and
blood vessels (Matsumoto, 1994; Geffrotin et al, 1994;
Valcourt et al, 2015; Elefteriou et al, 1997). Despite the
TNX expressed in various organs and tissues, the
function of TNX remains elusive in all species. Studies
have suggested that the TNX do not play a direct role
in forming structural elements, as a ‘matricellular’
protein, instead, they modulate the function of cells
by regulating the interaction between cells and
matrices (Bornstein and Sage, 2002). Yamaguchi et
al (2017) feed the high-fat and high-cholesterol diet
(HFCD) with high levels of phosphorus and calcium
to wild-type and TNX-knockout mice to investigate
the contribution of TNX to liver dysfunction. The
results suggested that TNX deficiency suppressed
hepatic dysfunction induced by HFCD administration
in mice, that TNX may promote the inflammatory
response thereby enhance HFCD-induced liver
dysfunction (Yamaguchi et al, 2017). Furthermore,
studies have investigated that at the initial stages
of gastric emptying rate of TNX-knockout mice
were significantly higher than wild-type mice. It
is plausible to suggest that loss of TNX, the vagal
afferent nerve endings, may indirectly disrupt sensory
neurotransmission, thus cause rapid gastric emptying
rates (Aktar, 2016). In the present study, we found
that TNX was significantly up-regulated during the
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entire breeding cycle compared with the control
group. That is to say TNX changes with appetite and
the rutting. This result seems to be consistent with the
above results. This means that TNX may be involved
to regulate the appetite, which slows down male
Bactrian camels gastric emptying rates, that lead to
the male camel to lose weight.

Tensin (TNS), in the form of tensin-4, was
down-regulated during the breeding cycle, most
significantly during stages 1 and 2. The tensin family,
which comprises tensin-1, -2, -3 and -4, is involved
in cell migration, and members are localised to focal
adhesion sites (Tuxhorn et al, 2002). TNS4 is readily
detected and displays a relatively unique and restricted
expression pattern in normal prostate and placenta, but
it is reduced or absent in advanced prostate cancers
(Ibrahim et al, 1993), and not detectable in other tissues
(Xue et al, 1998). Expression of TNS4 is increased
significantly in gastric (Valcourt et al, 2015), colorectal
(Lo and Tensin, 2004) and pancreatic cancers (Chen ef
al, 2013), and it may not be expressed in other normal
tissues. These results suggest that overexpression
of TNS4 in certain tissues may play a critical role in
tumorigenesis, hence the prostate of male Bactrian
camels may be affected during the breeding cycle. This
could potentially influence the degree of breeding and
consequent weight loss in male camels, resulting in
altered inflammatory responses.

Inflammation factors in the serum proteome
were also altered during the breeding cycle. Protein
S100A8 plays an important role in inflammatory
responses in adipose tissue in obese individuals, and
contributes to pathogenesis during the early stages of
obesity (Lo et al, 2005). SERPINF1 (PEDF), secreted
by adipocytes (Sakashita et al, 2008), is associated
with the development of insulin resistance during
obesity. In the present work, SERPINF1 was least
abundant during stage 1, then increased at the stage
2 and maintained at a high level throughout the rest
of the breeding cycle. This protein was rapidly down-
regulated in response to weight loss in a previous
study (Albasri et al, 2011), whereas the body weight of
male camels was steady during stage 1 in the present
study, but lower during stages 2 and 3. Recombinant
SERPINF1 was suggested to promote lipolysis in an
ATGL-dependent manner, and to reduce fatty acid
oxidation and thereby influence systemic fatty acid
metabolism (Al-Ghamdi et al, 2013). Furthermore,
a2M, which possesses esterase activity, may
participate in ghrelin metabolism (Sekimoto et al,
2015). Thus, weight loss in male camels during the
breeding cycle may be related to these proteins, but
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further studies are required to confirm or disprove
this hypothesis.

Our present research focused only on serum
proteins in male Bactrian camels during the
breeding cycle, and differences between female and
male camels were not investigated. Additionally,
a relatively small number of male camels were
observed, hence future studies are needed to gain
further insight into weight loss in Bactrian camels
during the breeding cycle.
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ABSTRACT

In this experiment, the skeletal muscle tissue of Bactrian camel was used as sample material. The cells of
primary generation were cultured by two-step enzymatic digestion and tissue block culture. The primary skeletal
muscle satellite cells were purified by differential adherence methods, and then were determined by growth curve
analysis. The advantages of mode of proliferation of cells were that the cells could maintain high activity, comparatively
not tend to be contaminated, and gain a long culture period, which is more suitable for the in vitro culture of Bactrian
camel satellite cells. When using the method called LASER Confocal imaging, with immunofluorescence labeling, to
identify the specific gene in skeletal muscle satellite cells, the PAX7 expression was positive in cell lines. In addition,
PCR amplification bands showed that PAX7, MYF5, and Desmin genes were all clearly expressed. After induced
culture, satellite cells started the myogenic differentiation process. Through the above methods, comparatively pure
Bactrian camel skeletal muscle satellite cells were obtained successfully and passage proces were carried out stably.
In conclusion, the in vitro culture system of Bactrian camel skeletal muscle satellite cells was successfully established.

Key words: Bactrian camel, in vitro culture, skeletal muscle satellite cells

The net weight of the Bactrian camel skeletal
muscle accounts for 43% of the total weight.
Bactrian camels have good meat production with
70% lean meat content, and contains more than 10
polyunsaturated fatty acids (Wenfang et al, 2019;
Raiymbek et al, 2019). In-depth understanding of
Bactrian camel skeletal muscle satellite cells and
muscle fibre phenotypic traits have potential
implications for skeletal muscle regulation and yield
enhancement. Skeletal muscle satellite cell (SCs) are
located between the basement membrane and the
muscular basement membrane and are a specific type
of myogenic stem cells (Scharner and Zammit, 2011).
SCs are relatively static under normal conditions,
activated under specific stress conditions, begin to
divide, proliferate to form muscle precursor cells,
and differentiate into new muscle fibres or fuse with
original muscle fibres to form muscle tissue (Qu-

Petersen et al, 2002; Harel et al, 2009; Bellayr et al, 2010).
Satellite cells are a kind of somatic pluripotent stem
cells, have important research value in gene therapy
and cell basic fields (Mohammadi-Sangcheshmeh ef
al, 2013; Evano and Tajbakhsh, 2018). This experiment
aims to culture high-purity Bactrian camel skeletal
muscle satellite cells, and provide a stable model for
the study of skeletal muscle regulation mechanism and
fibre traits in Bactrian camel.

Materials and Methods

Sample collection

The experimental animals were 2 to 4 months
old healthy Bactrian camel and the sample was taken
from the triceps.

Satellite cell tissue block culture
The skeletal muscle satellite cell tissue block
culture step was as follows:
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After taking the sample back to the laboratory,
double-antibiotic PBS solution was discarded and the
sample was washed three times with 75% ethanol.

Fat and fascia from the sample were removed
and then sample was cut into Tmm? pieces. The cells
were washed three times with PBS, and quickly injected
the cell mass was into the cell culture flask from the
plate. The sample block was ensured not be too dense.

The cell culture flask was inverted and kept it
into the cell culture incubator for 2 hours.

The flask was turned back after 2 h. The solution
wash was changed every 3 days, and the cells were
purified by differential adherence.

When the number of cells reached 85% of the
flat area, the tissue flask was taken out.

Purification of satellite cells

The skeletal muscle satellite cells were
successfully separated from the muscle by two-
step enzymatic digestion and differential adherence
method was used to purify the satellite cells. The
adherence time of the fibroblasts was usually 1-2
h, but the satellite cell attachment time was around
24h. Therefore, it was an effective method using the
difference in adherence time to purify the satellite
cells. In this way, the skeletal muscle satellite cells
with 90% purity were acquired. Proceed as follows:

After the cells were cultured for 2 hours, cells
were taken out from the incubator, the media was
aspirated by a pipette, and finally the old flask was
discarded and replaced with a new flask.

After 12 hours, the flask was changed, and the
skeletal muscle satellite cells were obtained.

Satellite cell subculture

When the cells grew up to 80% of the flat area,
the cell passaging was done as per fellowing step:

Aspirate the old culture solution, add 3 volumes
of 0.25% trypsin to the culture flask, and keep the
culture flask in in a 37°C constant temperature
chamber for 12 mins, in case the flask gets fully
vibrated and digested (drip the cell suspension every
3 min during the period, observe the cell morphology
with a microscope to avoid digestion Excessive causes
cell damage and death).

Terminate the digestion process by adding an
equal volume of stop medium, centrifuge the flask
at 2000 r/rpm for 5 min, and finally discard the
supernatant.

Add three volumes of growth medium to make
the cells resuspended, and culture the cells in the
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culture flasks labeled B1, B2, and B3, respectively, and
change the liquid every 3 days.

Drawing of satellite cell growth curve

Discard old culture solution in the culture flask,
add three times the volume of 0.25% trypsin, and keep
the mixture in a 37°C constant temperature shaking
box to ensure it shaken and digested.

FBS was added to a final concentration of 10%
to stop enzyme activity, centrifuge at 2000 r/rpm for
5 min, and finally discard the supernatant.

The growth medium was gently blew into a
homogenous suspension. Cells were inoculated at a
density of 1¥104 cells/mL per well in a 24-well plate,
and solution was charged every 2 days.

The cells were counted by the method
called blood cell counting from the second day
of inoculation. In particular, three well cells were
counted each time, three times per well, averaged,
and so on, and counted continuously for 8 days.

The growth curve was plotted with the counting
time as the abscissa and the average density of the
3-well cells as the ordinate.

Satellite cell
identification

The primary skeletal muscle satellite cells were
washed for three times with PBS buffer, and fixed in
a 4% paraformaldehyde solution for 30 min at room
temperature.

These were washed 3 times with PBS buffer, 5
min each time, added with 0.1% TritionX-100, and
kept for 20 min at room temperature.

immunofluorescence staining

Primary antibodies (Monoclonal Mouse 1gG1
Clone #Pax7; dilution ratio 1:100) were added, stayed
overnight at 4°C, and washed 3 times with PBS buffer
for 5 min each time.

FITC-labeled secondary antibody (FITC
AffinPure Goat Anti-Mouse LgG (H+L), dilution ratio
1:50) was added and incubated in the wet box at 37
° C for 1 h in the dark, and washed 3 times with PBS
buffer for 5 min each time.

The cell were stained with Dapi, observed
under an inverted fluorescence microscope, and
photographed.

Induced differentiation of skeletal muscle satellite
cells

The cells cultured were taken to the 2"
generation, changed the ordinary growth medium

to a differentiation medium to induce differentiation
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culture. The growth and differentiation of skeletal
muscle satellite cells and myotubes were observed
under an inverted microscope.

PCR identification of skeletal muscle satellite cells

Total RNA from cells was extracted using
the OMEGA Total RNA Extraction Kit. Reverse
transcription experiments were performed using the
full-gold Golden Easy one-step gDNA Removal and
c¢DNA Synthesis Super Mix reverse transcription kit,
including the AnchAnchored Oligo (dT) 18 Primer
(0.5 pgepL™!)/miR- cDNA synthesis was performed
on 27b, U6 stem loop primer 1 pL, 2xXES Reaction Mix
10 pL, gDNA Remover 1 pL, RNase-free Water to 20
pL, and EasyScript RT/RI Enzyme Mix 1 L.

The TaKaRa kit was used to perform PCR
amplification. The reaction system consisted of 12.5
pL of Premix Taq, 3 pL of cDNA, 1 pL of each of
the upstream and downstream primers (Table 1.),
and 7.5 pL of ddH20O. PCR amplification conditions:
pre-denaturation at 95°C for 5 min; denaturation at
95°C for 10 s; annealing at 60°C for 30 s; extension at
72°C for 1 min; total of 40 cycles; extension at 72°C
for 10 min; preservation at 4°C. Detection of PCR
amplification products: Firstly, a 1% agarose gel was
made and after the gel was cooled and solidified, put
it into an electrophoresis tank. 5 pL of PCR product
per well was added, and at the same time 5 pL of
DNA Marker DL2000 was added as a reference.
After that, those stuff was electrophoresed in the
trough, 200 V for 25 min, observed in a gel imaging
system and photographed. Confirm the target band
by comparison with DNA Marker.

Results and Discussion

Isolation and culture of skeletal muscle satellite
cells from Bactrian camel

The newly formed Bactrian camel skeletal
muscle satellite cells had a round or short fusiform
shape and strong refractive index. After 48 h, adherent
growth began, and the morphology of skeletal muscle
satellite cells were seen as short fusiform. After 72 h
of culture, the cells proliferated slowly. The skeletal
muscle satellite cells did not fully expand, but the
spindle-shaped or long fusiform shape began to
appear, and the refractive index was strong. However,
at this time, the adherent cells contained a certain
amount of fibroblasts, so purification was required.
On the 4" day, the solution was changed and the
mixture was purified by differential adherence, and
the purity of the cells increased. The 2"¢ generation
skeletal muscle satellites had good growth status and
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relatively uniform growth patterns and morphological
characteristics (Fig 1).

Table 1. Primer design

. Sequence
Primer
(5-3Y)
Pax7 Forward: GCTTCAGAGGGAGGTCAGG
ax
Reverse: AAGAAAGCCAAGCACAGCA
Mvf5 Forward: CATCCTCGTCTGAGCCTTG
Y Reverse: TGCCAGTTCTCGCCTTCT
Forward: CAGGCTCACTCACTTCCAAC
Desmin
Reverse: CTGCTCACCGACTACCACC
Actp Forward: GGACTTCGAGCAGGAGATGG
c
Reverse: AGGAAGGAGGGCTGGAAGAG

Cell growth curve

As can be seen from Fig 2, the number of cells
did not change significantly from day 1 to day 3,
and was in a delayed period. From the 4 day to the
seventh day, the cells were in the logarithmic growth
phase, growing rapidly and differentiating. On the
eighth day, the number of cells moved from steadily
growing to decreasing, which was due to the cell
entering the growth stagnation period.

Immunofluorescence staining identification

Confocal laser scanning microscope for
immunofluorescence staining was used and it
was found that the antigen of Pax7 protein was
successfully bound to the antibody, and the cells were
stained red, which proved that the isolated cells were
skeletal muscle satellite cells (Fig 3).

Identification of satellite cells by common PCR
technology

By extracting total RNA from the cultured
skeletal muscle satellite cell line and detecting it by
spectrophotometer, the A260 / A280 was between
1.8 and 2.1, indicating that the RNA quality was good
and the next experiment was successfully carried out.
Now, the extracted RNA was inverted into cDNA
with a reverse transcription kit, then PCR-amplified
following the designed primer, and finally the
analysis by agarose gel electrophoresis was followed.
The results showed that after gel electrophoresis, a
bright band appeared on the gel, indicating that Pax7,
Myf5 and Desmin were expressed in the cells, and
this cell line could be identified as a skeletal muscle
satellite cell line (Fig 4).
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Induction of differentiation of skeletal muscle
Satellite cells

Myogenic induction culture to satellite cells.
In 5t day, the in vitro induction cultured SCs started
to fuse together and formed short myotube cells.
As time went on, the cell density increased, and
the fusion between cells became more extensive,
forming a larger volume of myotubes. The length was
significantly increased (Fig 5).

In the experiment on the in vitro culture samples
of skeletal muscle satellite cells from young animals,
the phenomenon could be found that the higher the
age of the samples, the smaller the number of SCs.
The purity of isolated SCs under Bactrian camel could
reach 80% or more, but the content of SCs in Bactrian

Table 2. Satellite cell count.

camels over 6 years old was less than 20%. The
separation methods of skeletal muscle satellite cells
mainly included tissue block method and enzyme
digestion method. In addition to the method called
differential adherence, there were also the separation
and purification methods including flow sorting and
density gradient centrifugation (Adhikari et al, 2018;
Doornaert et al, 2019; Zhao et al, 2019). Flow sorting
was mainly used in human and mouse studies.
This method used flow cytometry to separate cells
with a purity of 99%, but experimental instruments
were expensive and susceptible to contamination
(Ribeiro et al, 2019). Although the density gradient
centrifugation method could obtain cells with high
purity, it can cause a large amount of cell loss and

Time ( day) 1 2 3

Number of cells (10*/mL) 1.31 141 1.93

9.21 18.21 22.21 2211 21.44

Fig 1. Bactrian camel skeletal muscle satellite cell growth pattern. 1. Primary cells began to separate and adhere to the wall for 48
hours. 2. The primary cells were fully adherent on the seventh day for passage. 3. The third generation of satellite cells began
to fuse, and the cell traits were long-sprung type, and the refractive index increased. 4. The fifth generation of cells were in
the third generation, and there was no major change in the cultivation.
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Fig 2. Satellite cell growth curve.

PAX?7 has a very close relationship with the growth
and repair of postnatal muscles, and is expressed
during the differentiation, proliferation and activation
of satellite cells (Seale et al, 2000; Sato et al, 2019).
PAX7 has a maintenance effect on satellite cells and
has an important anti-apoptotic effect in activated
satellite cells. In this study, the markers of SCs,
Desmill, Myf5 and PAX7, were tested at the RNA
level (Zhao et al, 2019). The results were positive, and
the cells isolated and purified by the experiment were
proved to be Bactrian camel skeletal muscle satellite
cells.

Fig 3. Identification of skeletal muscle satellite cells in Bactrian camel by immunofluorescence staining. 1. Cells labeled with pax7;

2. Cells labeled with DAPI; 3. Merged.

has a certain influence on cell activity due to repeated
centrifugation, so that its application is debatable
(Forcina et al, 2019). Therefore, in this article, young
Bactrian camel were to isolate skeletal muscle satellite
cells, tissue block method, and combined with
differential adherence method to separate cells.

MDSCs is a category of myogenic stem cells,
which contains one of the constituent components of
the cytoskeleton, the intermediate filament protein
Desmill, that is unique to muscle fibres. The myogenic
factor MyoD gene belongs to the myogenic alkaline
spiral ring and consists of 4 family members: MyoD,
Myf5, MyoG, Myf6 (Lassar, 2017). Myf5 is the earliest
induced expression factor in myogenic progenitor
cells during embryonic development. Myf5 and
MyoDl are functionally complementary to each other
and activate the formation of initiate skeletal muscle.
MyoDl is the earliest marker of skeletal muscle
formation. It is expressed only in activated satellite
cells (Qu-Petersen et al, 2002). It can convert many
types of cells into myoblasts and promote the fusion
of myoblasts into myotubes and there is no expression
in the Satellite cells at rest. After activation, SCs,
MyoDIl and PAX7 were simultaneously expressed.
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muscle satellite cells.
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ABSTRACT

The objective of this study was to investigate the pharmacokinetics of cefquinome in 5 healthy male
dromedary camels following a single intramuscular (IM) administration at the dose rate of 1 mg/kg body weight
in the caudal cervical epiaxial muscles. Blood samples were collected prior to drug administration and up to 48 h
after drug administration. No clinical symptoms or signs suggestive of adverse drug reaction could be recorded
in any animal. Plasma cefquinome concentration was estimated by high-performance liquid chromatography.
The disposition kinetics of cefquinome best fitted to a 2 compartment open model. The peak plasma cefquinome
concentration (Cpax car) Of 1.013 + 0.038 pg/ml~! was achieved at 5.257 + 0.067 h (tpax cal)- The absorption half-life
(t%24), elimination half-life (t'2g), area under plasma drug concentration-time curve (AUC) and apparent volume
of distribution (Vd,ye,) of cefquinome were 3.401 + 0.042 h, 3.754 + 0.072 h, 14.417 + 0.621 pg/ml~! h and 0.379 +
0.016 1/kg™!, respectively. The results of the present study suggested that an intramuscular dosage regimen of 1
mg/kg body weight at 24 h interval would maintain the plasma drug levels required to be effective against the

common bacterial pathogens in dromedary camel.

Key words: Camel, Cefquinome, Intramuscular, Pharmacokinetics

Cefquinome is a fourth-generation cephalosporin
developed for exclusive use in animals (CVMP,
2003). It has a broad spectrum antibacterial activity,
high stability against B-lactamase and enhanced
potency and bioavailability. Therefore, it is a
valuable antibiotic with potential use in treatment
of various infectious diseases in camel. Studies on
pharmacokinetics of different drugs in camel are
limited, hence the doses of different drugs are usually
extrapolated from those recommended for other
animal species (Ali, 1998). Research reports suggest
that activity of drug metabolising enzymes and the
capacity to biotransform and eliminate xenobiotics
in dromedary camel is lower than many other
ruminants (Alquarawi and Ali, 2000). Therefore,
pharmacokinetic studies to fix the appropriate
dose rates are essential for rational use of any drug
in this species. The present study was aimed to
investigate the disposition of cefquinome following
its single intramuscular administration in dromedary
camel.

Materials and Methods

The study was carried out in 5 apparently
healthy male dromedary camels in the age group of
3 to 4 years, weighing in between 400-450 kg. The
experimental animals were kept under constant
observation for 2 weeks prior to the experiment
at National Research Centre on Camel, Bikaner,
Rajasthan and examined periodically to exclude
any possibility of localised or systemic disease. The
animals were maintained under an intensive system
of management and fed daily with guar (Cyamopsis
tetragonoloba) meal (mixture of 30-33% hull, 27-
30% endosperm, and 43-47% germ) and groundnut
(Arachis hypogaea) haulms. The experimental protocol
and ethical standards were followed as per guidelines
of CPCSEA throughout the experiment.

Cefquinome sulphate (Cobactan 2.5% MSD
Animal Health, Pune, India) was administered as
single intramuscular dose of 1 mg/kg body weight
in the caudal cervical epiaxial muscles located in
the lower neck region after aseptic preparation of
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the injection site. Blood samples (about 5 ml) were
collected in heparinised vaccutainers by jugular
venepuncture at 0.25, 0.5, 1.0, 2, 4, 6, §, 10, 12, 24,
36 and 48 h after drug administration. Plasma was
separated from the collected blood samples by
centrifugation at 3000 rpm for 15 minutes at 4°C and
stored at -80°C till analysis.

Analytical Procedure

Cefquinome concentrations in plasma samples
were determined using high performance liquid
chromatography (HPLC) as per the method described
by Uney et al (2011). Briefly, 200 pl of plasma sample
was mixed with 400 pl of methanol in a 2-ml
microcentrifuge tube and vortexed for 10 seconds.
The resultant mixture was centrifuged at 4000 g for
10 min, 300 pl of clear supernatant was filtered into
a fresh vial and 150 pl of HPLC grade water was
added and mixed for 10 seconds. The mixed clear
supernatant (200 pl) was pipetted into an autosampler
vial.

The HPLC system (Perkin Elmer, series 200,
Waltham, USA) was fitted with a single pump, a
degasser and an autosampler injector. The reverse-
phase chromatography was performed with an
analytic C18 column (Sun fire, Particle size 5p,
4.6 x 150 mm, Waters, USA). In present method,
binary gradient mobile phase was used with water
containing 0.1% trifluroacetic acid (Sigma-Aldrich)
as mobile phase A and acetonitrile (Sigma-Aldrich)
as mobile phase B. The gradient elution was
programmed with the ratio of mobile phases A: B
as 90: 10 for 7 min, followed by 50: 50 for 3 min and
90:10 for 5 min. The injection volume was kept 50pul
and flow rate was maintained as 0.9 ml min~!. The
detection was performed using a UV /VIS detector
set at 268 nm. The Total Chrom software (version
6.1) was used for running the HPLC system and
data analysis. The retention time of cefquinome was
about 6.48 min and calibration curve for cefquinome
was linear at concentrations of 0.05-50 pg/ ml with
correlation coefficients (r) above 0.996. The limit of
detection (LOD) and limit of quantification (LOQ)
were determined by signal-to-noise ratio evaluations
of samples spiked from 0.01 to 0.1 pg/ ml. The LOD
and LOQ of cefquinome were determined to be 0.02
pg/ mland 0.04 ng/ ml, respectively and were based
on a signal-to-noise ratio of 3:1. The accuracy % for
intra and inter day assay were found above 90%
and above 95%, respectively. The recoveries of the
3 different concentration 0.4 ug/ ml, 6.25 ug/ ml, 25
ng/ ml were found to be 93.32 %, 89.56% and 95.51%,
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respectively within the day analysis and 91.16%,
88.39% and 95.03%, respectively between the day
analysis.

Pharmacokinetic Analysis

The appropriate pharmacokinetic model
was determined by visual examination of plasma
cefquinome concentration versus time curves
and different pharmacokinetic parameters were
calculated by PK Solver: An Add in Programme for
Microsoft Excel, Version 2 (Zhang et al, 2010). The
pharmacokinetic variables obtained were expressed
as mean * S.E variable.

Results and Discussion

Intramuscular administration of cefquinome
at the rate of 1 mg per kg body weight appeared
safe as no clinical signs suggestive of adverse effects
or drug intolerance was evident in any camel. The
mean plasma drug concentration-time curve for
cefquinome in dromedary camel following its single
intramuscular administration is depicted in Fig 1.
The plasma cefquinome concentrations could be
detected up to 36 h in the collected samples, but at
48h, it could not be detected. The value of different
pharmacokinetic parameters obtained are presented
in Table 1.

Considering the plasma drug concentration and
time profile, the disposition kinetics of cefquinome
after its single intramuscular administration best
fitted into two-compartment open model. Atta et
al (2017) also reported that after single intravenous
or intramuscular injection of cefquinome in camel,
the plasma drug concentration vs time profile
followed the first order 2 compartment open
model. Disposition curve of cefquinome after its
intramuscular administration has also been reported
and described by 2 compartment open model in
sheep and goat (Dumka et al, 2013; El-Hewaity et
al, 2014), sheep (Tohamy, 2011) and rabbit (Qiang
et al, 2013 and Shalaby et al, 2015). However, Al-
Taher (2010) described disposition of cefquinome in
camel by non-compartmental analysis following its
single intramuscular administration at the dose rate
of 1 mg/kg body weight. Champawat et al (2018)
reported that pharmacokinetics of cefquinome in
goat best fitted to one compartment open model
after its intramuscular administration at the dose
rate of 2 mg/kg body weight. In a study, El-Sayed
et al (2015) reported that plasma concentration-
time curve following a single intravenous as well
as intramuscular administration of cefquinome @
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Table 1. Values (meantS.E.) of different pharmacokinetic
parameters following single intramuscular
administration of cefquinome at the rate of 1 mg/kg
in dromedary camel.

Parameters Unit Value

A pg/ml 17.887+4.196
a 1/h 0.1760.006
B pg/ml 8.809+1.923
B 1/h 0.185+0.003
Ka 1/h 0.204+0.002
Ty, alpha h 3.965+0.144
Ty, beta h 3.754+0.072
Tiska h 3.401+0.042
CL/F (mg/kg)/(ng/ml)/h 0.069+0.003
T max (cal) h 5.257+0.067
Crnax(cal) pg/ml 1.013+0.038
AUC, pg/ml*h 14.417+0.621
AUCins pg/ml*h 14.548+0.633
AUMC pg/ml*h”2 154.028+8.188
MRT h 10.569+0.155
Vdarea L/kg 0.379+0.016

A, zero time intercept of the least square regression line
of the absorption phase; B, zero time intercept of the least
square regression line of the elimination phase; o and B,
distribution and elimination rate constants; Ka, first order rate
constant; Ty,aand Ty, distribution and elimination half-life;
Tika, absorption half-life; CL/F, body clearance corrected
for bioavailability; Tmax (cal), the time point of maximum
plasma concentration; Cmax(cal), maximum plasma drug
concentration; AUCO-t and AUCO-inf, area under plasma drug
concentration vs time curve to 36h and to infinity; AUMC, area
under the first moment curve;, MRT, mean residence time;
Vdarea, apparent volume of distribution of drug.

2 mg/kg body weight was best described by three
compartment open model in chicken. Dissimilarities
in kinetic parameters of drugs are relatively
common and might be attributed to difference in
assay methods, age, animal breed, health status and
formulation of the used drug (El-Sayed et al, 1989).

In the present study, the peak plasma
cefquinome concentration (Cp,,y) was 1.013£0.038 ng/
ml was achieved at T, of 5.25£0.067 h. Likewise,
a peak plasma concentration (Cp,y) of 1.23+0.08
ug/ml was reported to achieve at (Tp.y) 4.25£0.1
h after single intramuscular injection at the same
dose rate in camel by Al-Taher (2010). El-Hewaity
et al (2014) reported Cp,ax of 1.80£0.09 ng/ml and
1.8840.10 ug/ml in sheep and goat after intramuscular
administration of cefquinome 2 mg/kg body weight
once daily for 3 consecutive days. However, in other
species, Cpax values reported were 4.57+0.338 pg/
ml and 2.60£0.14 pg/ml in sheep (Tohamy, 2011;
Uney et al, 2011), 4.39£0.53 pg/ml in piglet (Song et
al, 2013), 4.84+0.23 pg/ml in goat (Dumka et al, 2013),
5.79+ 0.35 pg/ml in calf (Hemvati et al, 2019) and
3.04£0.71 pg/ml in chicken (Xie et al, 2013), which
were higher than that observed in the present study.
In an another report, maximum plasma concentration
(Cmax) of 3.2+0.39 pg/ml was observed after time
(Tmax) 0.82+0.06 h in camel following a single IM
injection of cefquinome at the dose rate of 1 mg/kg
body weight (Atta et al, 2017).

The absorption half-life (tyk,) of cefquinome
after intramuscular administration in camel was
found to be 3.401 £ 0.042 h suggesting delayed
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Fig 1. Drug disposition curve following a single intramuscular cefquinome administration at the

rate of 1 mg/kg in dromedary camel.
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absorption of cefquinome from the injection site.
In corroboration with the present observation, Al-
Taher (2010) also reported ti,x, equal to 4.35+0.27
h in camel after cefquinome administration at the
dose rate of 1 mg/kg body weight. However, in
another study (Atta et al, 2017) ti,x, was calculated
to be 0.26+0.03 h. Variation in age group, sex and
site of injection may be possible reasons behind
this variation. In a study in sheep, absorption half-
life of cefquinome was calculated to 1.540+0.112
h, 1.037+0.073 h and 0.664+0.071 h in one month, 6
months and one year old sheep, suggesed that the
age of the animal has significant influence on the
absorption rate of any drug when administered at
same dose rate and site (Tohamy, 2011). In a survey
of literature on the kinetics of drugs used in camel,
Alquarawi and Ali (2000) opined that most of drugs
have longer absorption and elimination half-lives
and slower systemic clearance in camel as compared
to other animals. Perusal of available literature
revealed large variations in ti,x, values of cefquinome
among different animal species. Lower value of tyk,
indicating rapid absorption of the drug has also been
reported in rabbit (0.28 + 0.02 h, Shalaby et al, 2015),
sheep (0.61 £ 0.10 h, Rana et al, 2015), goat (0.64 + 0.23
h, Dumka et al, 2013), Calf (0.25+0.04 h, Hemvati et al,
2019) and Beagle dog (0.14+0.05 h, Zhou et al, 2015).

The elimination half-life (ti,g) is indicative of
the overall rate of elimination of a drug from the
body. In present study, the calculated value of ty,g
was 3.754£0.072 h, suggesting rapid elimination of the
drug from the body of camel. The value calculated in
the present study was close to the value (3.15+0.22 h)
reported by Atta et al (2017) after single intravenous
administration of cefquinome at the rate of 1 mg/
kg body weight in camel. Dumka et al (2013) also
reported ty,g value of 5.86+0.29 h in goat receiving
cefquinome at the rate of 2 mg/kg body weight
intramuscularly. In pigs, ty,g was calculated to be
4.36%2.35 h after intramuscular administration of
cefquinome (Li et al, 2008), which was in concurrence
to results of the present study. However, t,,5 values
of 6.68£0.87 h and 10.24+0.8 h were reported by Atta
et al (2017) and Al-Taher (2010), respectively, after
intramuscular administration of cefquinome in camel.
The elimination half-life of cefquinome after its
intramuscular administration is reported to be highly
variable from species to species; as low as 2.60£0.04 h
in rabbit (Shalaby ef al, 2015) to as high as 26.90+4.33
h in red-eared slider turtle (Uney et al, 2017).

The area under plasma concentration time
curve (AUCy,) is an important parameter used
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to calculate clearance, volume of distribution and
bioavailability of drugs in pharmacokinetic studies.
The mean* S.E. value of AUC after intramuscular
administration of cefquinome in camel in the present
study was 14.417£0.621 pg/mlh which was almost
comparable to that reported in goat (14.42 + 0.62 ug
ml~! h, Champawat et al (2018), in calf 16.02 + 1.11
pg ml!t h, Hemvati et al (2019) and 19.82 + 2.07 pg
ml~! h in goat (Dumka et al, 2013). However, higher
values of AUC were calculated as 49.582+9.173 g
ml! h in rabbit (Qiang et al, 2013) and 38.79 £ 1.24
pg ml™! h in chicken (El- Sayed et al, 2015). Lower
value of AUC was reported 8.24 + 0.80 pg ml™ h in
Beagle dog (Zhou et al, 2015) and 5.13 + 1.06 pg ml™!
h in chicken (Xie et al, 2013). After intramuscular
administration, the drug is absorbed slowly resulting
into significant drug elimination to occur before
absorption is complete. This is why, the AUC value
for a drug after intramuscular injection is lower than
that reported after intravenous administration (Atta
et al, 2017).

The value of area under moment curve (AUMC)
after intramuscular administration of cefquinome
in camel in the present study was found to be
154.028+8.188 pg ml~! h2. AUMC values 157.05 + 37.93
ng ml~L.h? in sheep (Rana ef al, 2015), 155.85 + 9.70 ug
ml! h? in goat (Dumka ef al, 2013) and 182.75 + 5.35
ug mlt h? in rabbit (Shalaby et al, 2015) as reported
in different studies were close to that observed in
the present study. However, in camel, AUMC value
(68.64+ 14.58 pg ml~' h?) recorded after intramuscular
cefquinome administration (Atta et al, 2017) was
almost half the value calculated in the present study.
This may be perhaps due to variation in age group,
species, breed and sex of the animals used in different
studies.

The time required for an intact drug molecule
to transit through body is defined as mean residence
time (MRT). The MRT calculated in the present
study was 10.569 + 0.155 h. Al-Taher (2010) reported
MRT value 16.74+ 0.9 h in camel after intramuscular
cefquinome administration, which was greater than
the value found in the present study. Hamed ef
al (2016) also reported MRT values ranged from
10.5£0.9 h to 11.9+1.2h in goat after intramuscular
administration of cefquinome at the dose rate of 2
mg/kg body weight. On the other hand, Atta et al
(2017) reported MRT as 5.14+0.27 h in camel following
intramuscular administration of cefquinome at the
dose rate of 1 mg/kg body weight. MRT values
have been reported to vary with age from 8.157+
0.98 h (in 1 month old), 6.935£0.40 h (in 6 month old)
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to 5.303+0.18 h (in 1 year old) in sheep after single
intramuscular administration of cefquinome (Tohamy
et al, 2011). Lower MRT value of cefquinome has also
been reported in different animal species like 9.14 +
1.83 h in sheep (Rana et al, 2015), 8.08 £ 0.50 h in goat
(Dumka et al, 2013), 4.12 £ 0.05 h in rabbit (Shalaby et
al, 2015) and 2.88 £ 0.23 h in calf (Hemvati et al, 2019).

The mean (+S.E.) value for apparent volume
of distribution (Vdarea) was found 0.379 + 0.016
Lkg! in the present study. It was close to the value
0.34 L kg™! in pig (Liu ef al, 2012) and 0.51+ 0.05 L
kg~ in goat (Dumka et al, 2013). The result indicates
limited distribution of cefquinome in various body
fluids of camel. In the present study, values of A, B,
a and P were calculated to be 17.887+4.196 ng/ml,
8.809+1.923 pg/ml, 0.176+0.006 h™! and 0.185+0.003
h-l, respectively. Atta et al (2017) reported values of
A, B, a and B as 4.98+ 0.77 pg/ml, 0.57£0.24 pg/ml,
0.49+0.04 h™! and 0.11+0.01 h™!, respectively.

The in vitro efficacy of cefquinome against a
wide range of Gram-negative and Gram-positive
pathogens has been determined in several studies.
Considering the reported MIC90s (0.06-0.39 ng/
ml) for Escherichia coli, Pasteurella multocida and
Streptococcus agalactine, the T>MIC has been calculated
for MICs of 0.06, 0.125 and 0.39 nug/ml, respectively
(Dumka et al, 2013). All these organisms are reported
to be common pathogens in camel (Wernery
and Kaaden, 2002). In the present study, plasma
cefquinome levels above the MIC were maintained
>24 h following single intramuscular administration
of cefquinome. Therefore, a dose rate of 1 mg kg™
at 24 h dosing interval may be recommended for
intramuscular administration of cefquinome in camel.

References

Ali BH (1998). A survey of some drugs commonly used in the
camel. Veterinary Research Communications 12:67-75.

Alquarawi AA and Ali BH (2000). A survey of the literature
(1995-1999) on the kinetics of drugs in camels (Camelus
dromedarius). Veterinary Research Communications
24:245-260.

Al-Taher AY (2010). Pharmacokinetics of cefquinome in
camels. Journal of Animal and Veterinary Advances
9:848-852.

Atta AH, El-Sayed HAE, El-Hadaky AYA, Kamel E and Sdeek
FA (2017). Pharmacokinetics of cefquinome following
intravenous and intramuscular injection in camels.
Journal of Camel Practice and Research 24:239-245.

Champawat M, Sankhala LN, Sharma P and Gaur A (2018).
Pharmacokinetic of single dose intramuscular
administration of cefquinome using microbiological
assay in goats. Journal of Entomology and Zoology
Studies 6:1825-1828.

Journal of Camel Practice and Research

CVMP (2003). Cefquinome (Extension to horses) Summary
Report (3) EMEA/MRL/ 883/03-FINAL. European
Agency for the Evaluation of Medicinal Products,
London, UK.

Dumka VK, Dinakaran V, Ranjan B and Rampal S (2013).
Comparative pharmacokinetics of cefquinome following
intravenous and intramuscular administration in goats.
Small Ruminant Research 113:273-277.

El-Hewaity M, Abd El Latif A, Soliman AA and Aboubakr M
(2014). Comparative pharmacokinetics of cefquinome
(Cobactan 2.5%) following repeated Intramuscular
administrations in sheep and goats. Journal of
Veterinary Medicine. Article ID 949642.

El-Sayed MGED, El-Komy AAEH, Mobarez EA and El-Mahdy
AM (2015). Pharmacokinetics and tissue residues
of cefquinome in normal and Salmonella entretidis
infected chickens. World Journal of Pharmacy and
Pharmaceutical Sciences 4:1974-1987.

El-Sayed M G, Hatem ME and El-Komy A A (1989). Disposition
kinetics of gentamicin in normal and endometritic
cows using a microbiological assay. Dtsch Tierarztl
Wochenschr 96:412-415.

Hamed E, Mahmoud FA and Altohamy DE (2016).
Pharmacokinetics of cefquinome following multiple
doses intramuscular administration in goats using
HPLC. Japanese Journal of Veterinary Research 64:
5109-S115.

Hemvati, Sharma P and Gaur A (2019). Disposition kinetics of
cefquinome in calves after a single intramuscular bolus
dose. International Journal of Current Microbiology and
Applied Sciences 8:494-500.

Li XB, Wu WX, Su D, Wang Z]J, Jiang HY and Shen JZ (2008).
Pharmacokinetics and bioavailability of cefquinome in
healthy piglets. Journal of Veterinary Pharmacology
and Therapeutics 31:523-527.

Liu B, Zhang C, Zhang X, Yang S, YuJ, Sun ] and Liu Y (2012).
Pharmacokinetics and bioavailability of cefquinome
in crossbred wild boars. Journal of Veterinary
Pharmacology and Therapeutics 35:611-614.

Qiang FU, HuaLin FU, Huan LUO, Zhang W, Guang SHU,
Meng-Jiao LIU, Feng-Ying D and Jun HU (2013).
Preparation of cefquinome sulphate proliposome
and its pharmacokinetics in rabbit. Iranian Journal of
Pharmaceutical Research 12:611-621.

Rana MP, Sadariya, KA and Thaker AM (2015). Effect of
tolfenamic acid co-administration on pharmacokinetics
of cefquinome following intramuscular administration
in sheep. Veterinarski Arhiv 85:283-292.

Shalaby MA, Goudah A, Kamel GM and Shaheen HA (2015).
Disposition kinetics of cefquinome in healthy rabbits
following intramuscular and oral administration. World
Journal of Pharmacy and Pharmaceutical Sciences
4:263-274.

Song IB, Kim TW, Lee HG, Kim MS, Hwang YH, Park BK,
Lim JH and Yun HI (2013). Influence of the injection
site on the pharmacokinetics of cefquinome following
intramuscular injection in piglets. Journal of Veterinary
Medical Science 34:22-26.

December 2019/ 229



Tohamy MA (2011). Age-related intramuscular pharma- Wernery U and Kaaden OR (2002). Infectious Diseases in

cokinetics of cefquinome in sheep. Small Ruminant Camelids. Blackwell Science, Berlin.

Research 99:72-76. Xie W, Zhang X, Wang T and Du S (2013). Pharmacokinetic
Uney K, Altan F and Elmas M (2011). Development and analysis of cefquinome in healthy chickens. British

validation of a high-performance liquid chromatography Poultry Science 54:81-86.

method for determination of cefquinome concentrations .
in sheep plasma and its application to pharmacokinetic Zhang Y, Huo M, Zhou J and Xie S (2010). PK Solver: An add-

studies. Antimicrobial Agents and Chemotherapy in program for pharmacokinetic and pharmacodynamic
55:854-859. data analysis in Microsoft Excel. Computer Methods

. . . and Programs in Biomedicine 99:306-314.
Uney K, Altan F, Cetin G, Aboubakr M, Dik B, Sayin Z, Er A

and Elmas M (2017). Pharmacokinetics of cefquinome  Zhou YF, Zhao DH, Yu Y, Yang X, Shi W, Peng YB and Liu

in red-eared slider turtle (Trachemys scripta elegans) YH (2015). Pharmacokinetics, bioavailability and PK/
after single intravenous and intramuscular injections. PD relationship of cefquinome for Escherichia coli in
Journal of Veterinary Pharmacology and Therapeutics Beagle dogs. Journal of Veterinary Pharmacology and
41:e40-e44. Therapeutics 38:543-548.

230 / December 2019 Journal of Camel Practice and Research



DOI : 10.5958/2277-8934.2019.00036.5

Vol 26 No 3, p 231-235

DIAPLACENTAL INFECTION OF A BACTRIAN
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WORM Dipetalonema evansi: A CASE REPORT

Rolf K. Schuster, Gudrun Wibbeltl, Elisa Maio, Ulrich Wernery and Saritha Sivakumar

Central Veterinary Research Laboratory, Dubai, U.A.E.
1 eibnitz Institute for Zoo and Wildlife Research, Berlin, Germany

ABSTRACT

This case report describes the first finding of the filarial worm Dipetalonema evansi in the United Arab Emirates.
This case is also the first description of a diaplacental infection with D. evansi. Three adult nematodes were found
at necropsy in the cranial mesentery artery of a newborn Bactrian camel (Camelus bactrianus). Scanning electron
microscopy images were used to describe morphological details of this parasite. The pregnant mother was imported
4 months earlier from a farm in South Western Kazakhstan. Considering the climatic conditions in Kazakhstan, it is

believed that the infection happened before October 2018.

Key words: Camelus bactrianus, diaplacental infection, Dipetalonema evansi, microfilaria

Dipetalonema evansi (Syn. Deraiophora evansi)
is a filarial worm of the family Onchocercidae that
inhabits blood vessels of Old World camelids. The
first description of the parasite under the name
of Filaria evansi was made by Lewis (1882) on
material found by Griffith Evans in pulmonary
arteries of a dromedary in Dera Ismail Khan (Khyber
Pakhtunkhawa Province of Pakistan). Baylis and
Daubney (1922) found the same filarial nematodes in
the spermatic arteries of a camel in Lahore (Punjab
district of Pakistan) and transferred this species into
the genus Acanthocheilonema, based on characters
of the oesophagus, the spicules and the caudal
papillae of the male. Boulenger (1924) completed
the description of A. evansi by a detailed description
of the position of the papillae at the anterior end
and the male posterior end. Yorke and Maplestone
(1926) considered the genus Acanthocheilonema a
junior synonym of Dipetalonema and subsequently
transferred A. evansi into that genus. The first
description of these filarial worms in a Bactrian
camel was made by Romanovic (1916). The author
found fragments of D. evansi in the lungs of a camel
in Kyrgyzstan and described them under the name of
Deraiophoronema cameli.

G. Evans was the first who reported
microfilariae of D. evansi in the blood of camels and
found that they are indistinguishable from those
found in human blood (Lewis, 1882). Nagaty (1947)

described a severe case of cardiac dipetalonemosis
with 216 coiled nematodes in the right ventricle of a
camel in Egypt. At a Cairo camel abattoir, he obtained
further D. evansi specimens from blood vessels of
testicles and lungs and examined blood samples
for microfilariae. As a result, the author gave the
most comprehensive description of adults and their
microfilariae. He also listed references that detected
microfilariae in dromedaries in Tunisia, Algeria,
Morocco, Mali and Sudan, and in Bactrian camels in
Turkestan.

The aim of this case report is to describe
findings of adult D. evansi in a newborn Bactrian
camel and microfilaria in a herd of Bactrian camels
originated from Kazakhstan in the UAE.

Materials and Methods

A freshly dead Bactrian camel calf was sent
for necropsy to the Central Veterinary Research
Laboratory in Dubai in March 2019. According to the
sender, the calf originated from a farm in Fujairah
on the East coast of the United Arab Emirates that
had imported pregnant Bactrian camels from South
Western Kazakhstan in December 2018. The calf was
one week old and suffered from bloody diarrhoea
with soiled tail and legs. An open ductus arteriosus
confirmed the neonatal age of the animal. The main
pathological alterations were seen in the distal
intestinal tract and consisted of petechiae at large
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and circular colon and red stripes in the mucosa of
the distal colon. Parasitological examination of a
watery faecal sample revealed Cryptosporidium sp.
and Cystoisospora orlovi oocysts in large numbers.
These parasitological results were confirmed by
histopathology. Three white coloured nematodes were
removed from the cranial mesentery artery (Fig 1).

The nematodes (one male and two females)
were fixed in hot (70°C) 10% formalin, examined and
measured by light microscopy, followed by scanning
electron microscopy examination to identify relevant
structures for species determination. For this, the
nematodes were dehydrated by increasing alcohol
concentration, followed by critical point drying and
subsequent sputter-coating with gold-palladium.

EDTA blood samples from 20 Bactrian camels
of the imported herd (11 adult females and 9 calves)
were examined with the modified Knott’s test
(Deplazes, 2006). For this, 1 ml of anticoagulated
blood was mixed with 10 ml of 2 % formalin. After
thorough mixing, the liquid was centrifuged for 3 min
at 1500 rpm. Examination of methylene blue stained
sediment was made at a magnification of 100 x by
light microscopy. In addition, Giemsa stained blood
smears were also examined.

Results and Discussion

The male specimen measured 11.5 cm with
a maximum width of 400 um. The intact female
worm was 19 cm long and up to 650 pm in width. Of
the second female specimen, only a fragment of 17
cm with missing anterior end was present. In light
microscopy, the body surface was smooth but with
high magnification of scanning electron microscope
a fine transverse striation was recognisable (Fig 2).
Spongy structures were present at both lateral sites
of the mouth opening, around cervical papillae and
at the posterior end of the female. The width of head
of the male and female specimens in dorso-ventral
projection was 110 and 120 pm, respectively. Scanning
electron microscopy showed that the anterior end
in both sexes was oblong rather than round and
consisted of a circular, tire-like mouth opening and
12 papillae arranged in 2 levels (Fig 3). Four conical
papillae were situated on the outer level on each
corner of the rectangular shaped anterior end and 8
further papillae on lateral sites were located closer to
the mouth opening. Of these, 4 were close to those of
the outer level and 4 were arranged in pairs on each
lateral site. There was a pair of cervical papillae (Fig
4) situated at unequal distances from the anterior end
(305 and 350 pm in the male and 325 and 410 pm in
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the female specimen). The 1%z times spirally twisted
posterior end of the male beared 4 pairs of pre-cloacal
papillae (Fig 5). Between the last pair there was an
unpaired median papilla. Four pairs of post-cloacal
papillae were situated caudal to the anal opening.
Spicules were of noticeable unequal length and shape.
The longer spicule (810 um) consisted of two parts
(Fig 6). Its proximal 3" was more massive and at a
fracture like structure it proceeded as a thin curved
and sharply pointed peak. The shorter and broader
spicule was slightly curved and the pointed tip was
kinked in an obtuse angle. The female ends blunted
with 4 protrusions on the posterior end (Fig 7). The
anal opening was at a distance of 250 pm from the
posterior end (Fig 8). The uteri of both female worms
were filled with sheathed microfilariae.

The Knott’s test revealed microfilariae (Fig 9)
in the blood of 4 out of 11 adult camels including the
mother of the deceased calf. The 9 blood samples from
camel calves were negative. Sheathed microfilariae in
Giemsa stained blood samples (Fig 10) measured 266
- 320 um in length with a maximum width of 6 - 7 pm.

To the best of our knowledge, this is the first
case of a congenital infection with this filarial worm
and it is the first case of finding of D. evansi in a camel
in the UAE. Also, the location of the nematodes in
the mesenterial arteries is rather unusual. Sazmand
et al (2013) described testes, hearts and lungs as
predilection sites.

Of the 4 filarial nematodes detected in camels,
D. evansi and Onchocerca fasciata are camel specific
while O. gqutturosa and O. armillata despite parasitise
camels were more often found in cattle. While adults
of D. evansi and O. armillata inhabit blood vessels,
macrofilariae of the two other species are located
in connective tissues: O. fasciata forms nodules in
subcutaneous fasciae and O. gutturosa is found in the
nuchal ligament (Cheema and Ivoghli, 1978, Pathak
et al, 1998; Moghaddar and Zahedi, 2006; Chhabra
and Gupta, 2006). While Onchocerca species were
transmitted by blackflies (Simuliidae) vectors of D.
evansi are mosquitos of the genus Aedes. Investigations
on the life cycle of D. evansi were carried out in a
camel farm in the Mary district of Turkmenistan
where 157 out of 681 camels were positive for blood
microfilariae. Katajceva (1969) examined 3,792 Aedes
caspius caught at the camel farms territory and
detected larval stages of D. evansi in 505 (=13.3%).
Positive mosquitos were present between May and
September but not in October anymore. Experimental
infection of A. caspius at a temperature of 26 to 28°C
showed that it takes 10 days from uptake of blood
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Fig 1. Filarial worms (Dipetalonema evansi) in the cranial Fig 4. Asymmetrical cervical papillae (arrows) in a female D.

mesentery artery. evansi.
Fig 2. Cervical papillae of D. evansi is surrounded by a sponge Fig 5. Posterior end of the male D. evansi with pre and post
like structure. The anterior body of the nematode shows cloacal papillae (SEM).

a fine transverse striation (SEM).

Fig 3. Apical view on the anterior end of D. evansi. The tire Fig 6. Posterior end of the male D. evansi with two spicules
shaped mouth opening is surrounded by 12 papillae of uneven length and shape. The longer spicule has a
(SEM). fracture like structure at its proximal end (arrow).
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Fig 7. Posterior end of the female D. evansi (SEM)..

Fig 8. Anal opening (arrow) of the female D. evansi.

microfilariae to the development of infective 3rd stage
larvae (Katajceva, 1969).

Finding adult macrofilariae in a neonatal camel
calf can only be explained by a congenital infection.
There are only few reports of diaplacental infections
with filarial worms. Auer and Aspock (2004) listed
cases of microfilaria detection in human placenta and
umbilical cord blood samples and thus, demonstrated
that microfilariae can migrate though the human
placenta. In our case, however, not only microfilariae
but also infective 3" stage larvae must have passed
through the placental barrier. Real congenital filarial
infections were reported for Setaria digitata by Kim et
al (2010) in cattle and for S. bidentata by Gomez-Puerta
and Mayor (2017) in a deer.

Although, there are no data on the development
of D. evansi in the camel host, the prepatent period
of Dipetalonema reconditum in dogs lasted more than
two months (Farnell and Faulkner, 1978) and for
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Fig 9. Sheathed D. evansi microfilaria (Knott's test).

R
'fL ﬁg&

Flg 10 F1ve D. evansi mlcrofllarla (arrows) ina stamed blood
smear (low magnification).

other filarial nematodes prepatent periods of 8 - 10
months were given (Taylor et al, 2015). Since a survey
of Camp et al (2019) revealed that the vector mosquito
A. caspius is rare in the UAE and was not detected
in Fujairah, it is most likely that the infection took
place in Kazakhstan and in this case, considering
the temperature profile that influence the activity of
mosquitos in Kazakhstan it can be concluded that the
infection of the most had taken place not later than
September 2018.

It is noteworthy that this is also the first proven
evidence that Bactrian camels can be a host for C.
orlovi. Although, the parasite was described for the
first time in camel calves in Kazakhstan by Cygankov
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(1950), the author did not mention the species of the
camel.
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SELECTED RESEARCH ON
CAMELID IMMUNOLOGY

(Hard Bound, 392 pages, few figs coloured, Edition 2016)

In 1989 a group of biologists led by Raymond Hamers at the Free University Brussels investigated the
immune system of dromedaries. This discovery was published in Nature in 1993. Based on their
structure, these peculiar camelid antibodies have been named Heavy Chain Antibodies (HCADb), as
they are composed of heavy chains only and are devoid of light chains. Sera of camelids contain both
conventional heterotetrameric antibodies and unique functional heavy (H)-chain antibodies (HCAbs).
The smaller size and monomeric single domain nature make these antibodies easier to transform into
bacterial cells for bulk production, making them ideal for research purposes. Camelid scientists world
over were greatly fascinated by a new field of research called “Camelid Immunology”. Significant
research has been done on camelid immunology in recent decade. In order to benefit future camelid
immunology researchers, this book was planned in the series of “Selected Topics” by Camel Publishing
House with a title- “Selected Research on Camelid Immunology” edited by T.K. Gahlot, U. Wernery
and Serge Muyldermans. This book is a unique compilation of research papers based on “Camelid
Immunology” and published in Journal of Camel Practice and Research between 1994-2015. Research
on this subject was done in 93 laboratories or institutions of 30 countries involving about 248 scientists.
In terms of number of published papers in JCPR on the immunology the following countries remain in
order of merit (in parenthesis), i.e. Iran (1), India and UAE (2), China and Saudi Arabia (3), Sudan (4),
Kenya and Belgium (5), USA (6), Germany (7) and so on. The book contains 11 sections and is spread in
384 pages. The diverse sections are named as overview of camel immune system; determinates of
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ABSTRACT

Standard Stereological methods of the point-counting techniques were applied to study certain components of
the camel foetus pancreas at different embryological stages (First, second and third trimester). The volume densities
(Vv) of the acini, ducts, islets of Langerhans, connective tissue and blood vessels were determined and hence the
percentage volume for each component. Both ducts and islets of Langerhans were not observed in the first trimester
hence they were excluded. In the first trimester the acini occupied less than half the volume of the pancreas followed
by connective tissue (44.62% and about 0.71 cm? absolute volume). In the second trimester the acini occupied half
of the volume of the pancreas (54.98% and about 1.48 cm? absolute volume) at the expense of the connective tissue.
The ducts and islets of Langerhans which were first appeared in the second trimester showed results of 3.30%, 0.1
cm® and 1.82% , 0.05 cm?, respectively. In the third trimester the acini and islets of Langerhans underwent further
increase in size and occupied 60.95%, 2.55 cm® and 2.48, %,0.10 Cms, respectively.

Key words: Camel, development, embryology, morphometry, pancreas

The pancreas in the adult camel was extensively
studied by many authors (Adeghate, 1997; Al-
Ajlan and Bailey, 2000; Masaad, 2007; Baragob et al,
2011; Elamin et al, 2014; Hafez et al, 2015). Recently,
the endocrine portion had been studied by few
investigators (Hafez et al, 2015; Zghair, 2016).

Investigators have studied the development
and slightly the morphometry of the pancreas in
man, mammals and birds (Dean, 1973; Bock et al,
1997; Zharkov et al, 1996; Taga et al, 1998; Jay et al,
1997; Ober et al, 2003; Yee et al, 2005; Jorgensen et al,
2007; Tehrani and Lin, 2011; Cleaver and Dor, 2012;
Jennings et al, 2015).

However, from the available literature,
morphometric studies on the development of the
pancreas in camel foetus were virtually lacking.
Hence the current research was undertaken to give
insight on the morphometry of the pancreas of the
camel fetuses at different stages of pregnancy.

Materials and Methods

A total of 15 camel foetuses were used for
the morphometric study, 5 for each trimester. The
approximate age of the foetuses was estimated by
using the following formula adopted by El-Wishy et
al, (1981).

(CVRL+23.99)
0.366

where GA is age in days and CVRL is the
Crown Vertebral Rump Length. Crown Vertebral
Rump Length (CVRL) was measured ( cm) as a
curved line along the vertebral column from the point
of the anterior fontanel or the frontal bone following
the vertebral curvature to the base of the tail. Foetuses
less than 130 days were designated as first trimester,
130-260 days as second trimester and 261-390 days as
third trimester (Bustinza, 1979).

Tissue samples

The entire pancreas was removed by blunt
dissection. The volume of the pancreas was measured
by the water displacement method (Scherle, 1970).
Tissue Sample were taken randomly from the different
parts of the pancreas (4 regions for the first trimester, 7
regions for the second trimester and 12 regions for the
third trimester representing the different lobes of the
gland). They were fixed in 10% formalin and processed
for routine histology. Paraffin sections were prepared
and stained with haematoxylin and eosin.

The microscopic fields were selected blindly by
moving the stage of the microscope. Chosen fields
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were photographed at two magnifications (X10 and
X40). The obtained images were saved as PowerPoint
slides in the computer. Later, quantitative analysis
was performed by the stereological methods of the
point-counting techniques (Weibel, 1963).

Sampling

As it is impossible to examine the histological
sections of the entire organ, sampling is being
necessary and should represent the whole pancreas.
Hence, the accuracy of the results obtained by the
point-counting technique depends on the sample
size. The larger the sample size the better values
for each selected parameter to be obtained. A high
degree of accuracy can be attained by the procedure
of systematic random sampling (Weibel, 1969).
The sampling process adopted is shown in Table
1. The sampling procedure gave a final size of 230
microscopic fields that were saved as PowerPoint
images and analyzed by stereological methods
to determine the volume densities (Vv) of the
components of the parenchyma of the pancreas.
These parameters were used to calculate the absolute
volumes.

Determination of the volume densities

Point-counting methods

The determination of the volume density
Vv (hence the percentage volume) of the tissue
component and derivation of the formula to be
applied was used according to the method reported
by Weibel et al (1966) and Dunnill (1968). According
to the point-counting principle the percentage number
of points falling on a given parameter is equivalent to
the percentage volume occupied by the component.

To determine the Vv (percentage volume), the
microscopic fields were photographed at X40 as the
components of the pancreas were easily identified
at this magnification. A grid of 1 cm square lattice
was installed and superimposed randomly on the
PowerPoint image of each of the 230 fields of the
parenchyma of the pancreas (Fig 1). The intersections
of the lines at the corners of the squares constituted
the points for counting, the total number of points on
the grid being 100 points.

The number of points for each component was
counted directly on the computer screen and the
volume density (Vv), hence the percentage volume
was calculated for each of the following parameters
of the parenchyma of the pancreas; acini, islets of
Langerhans, ducts, connective tissue and blood
vessels.
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Table 1. Showing the procedure used for sampling.

Specimens
No. Stage number
5 pancreas (animals) 5
2 | 4,7 and 12 tissue blocks (slide) per 5x4
pancreas for the 1%, 2" and the 3¢ 5x7
trimester, respectively 5x12

3 | Each sections 2 fields (images) per | 40+70+120=230
slide (block).

5x4x2= 40 fields (images) 1st
trimester.

5x7x2= 70 fields (images) 2nd
trimester.

5x12x2= 120 fields (images) 3rd

trimester.

4 | 100 lattice (grid) points per field

100x230=23000

Calculation of the volume densities
The volume density (Vv) was calculated for

each of these components using the formula given by
Weibel et al (1966) as follows: Vv = P/PT

where P is the number of points falling on
the component and PT is the total number of grid
points. The number of points to be counted for each
component depends on the volumetric proportion
itself (i.e. Vv). Vv is volume density (volume fraction).

Calculation of the absolute volumes

The absolute volumes of the pancreas
components were calculated from the volume
densities (Vv) of the components and the total volume
(V) of the fresh pancreas (i.e Absolute volume = Vv.V)
according to Weibel et al (1966).

Statistical analysis
In this investigation the means and standard
deviation (SD) was calculated for the Vv of each

component of the pancreas as recommended by
Weibel et al (1963).

Fig 1. Showing the grid superimposed on the images of
parenchyma of pancreas.
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Results

The first trimester

At this trimester only the acini, connective
tissue and blood vessels could be observed in the
pancreas of the camel foetus. Hence, only these
parameters were considered in this study. The results
obtained from analysis of histological sections by
point-counting technique for this stage were shown
in Tables 2 and 3.

The mean volume of the pancreas was calculated
to be 1.66 cm”. The total number of points falling on
the acini and connective were more or less similar, the
acini were slightly higher (357 for the acini and 310 for
the connective tissue). Accordingly, in this stage the
acini accounted for about 44.62% of the total volume of
the pancreas, whereas the connective tissue occupied
about 38.82%; the absolute volumes being 0.71 cm® and
0.61 cm®, respectively (Tables 2 and 3). The number of
points falling on the blood vessels were less compared
with the other two parameters, being 132. Hence,
giving only 16.55% of the total volume of the pancreas
and an absolute volume of 0.26 cm® (Tables 2 and 3).

The Second trimester

In this trimester the following parameters
were calculated for morphometry (Acini, islets of

Langerhans, ducts, connective tissue and Blood
vessels). The mean volume of the pancreas was
2.7 em®. The number of points falling on the acini
increased at the expense of the connective tissue,
being 931 and 306, respectively (Table 4). Hence,
the acini occupied about 54.98% and the connective
tissue about 27.70% of the volume of the pancreas
which represented 1.48 cm?® and 0.70 cm? of the total
volume of the pancreas, respectively (Table 6 and 8).
The ducts and islets of Langerhans were first observed
in this trimester. The points falling on them were only
35 and 30, respectively. These gave volume densities
of about 3.30% for the ducts and 1.82% for the islets
of Langerhans. Accordingly the absolute volumes
were calculated as 0.09 cm® and 0.05 cm®, respectively
(Table 6). The number of points falling on the blood
vessels showed an increment compared to the first
trimester and calculated to be 142. Hence, giving
a volume density of about 12.20% and an absolute
volume of about 0.32 cm® (Table 6 and 8).

The third trimester

The mean volume of the pancreas was 4.18 em®,
Similar parameters to those of the second trimester
were calculated in this stage. The numbers of points
falling on the acini and the connective tissue were
found to the highest. They were found to be 1300

Table 2. Showing points falling on each parameters, the volume densities and the absolute volumes of the different components
of the pancreas at the first trimester for 5 sections shown as Means * Standard Deviation.

Section No. No. of fields counted Acini Connective Tissue | Blood Vessels Total No. of Points
1 8 369 361 70 800
2 8 262 483 55 800
3 8 425 111 264 800
4 8 352 318 130 800
5 8 377 280 143 800
Total 40 1785 1553 662 4000
Mean 357 310.6 132.4
Volume density 44.62% 38.82% 16.55% 100%
Absolute Volume 0.71 cm® 0.62 cm® 0.26 cm®

Table 3. Showing the volume of fresh pancreas, volume densities and absolute volumes of the main components in 5 camels foetuses
at the first trimester expressed as Means + Standard Deviations (SD).

Volume Acini Connective tissue Blood vessels
Animal No. of fresh 3 3 3
pancreas Vv % Abs V cm Vv % Abs V cm Vv % Abs V cm
1 2cm’ 46 0.92 45 0.9 8.75 0.17
2 1.5 cm® 32.75 0.49 60.77 0.91 6.87 0.1
3 1.9 cm® 53.12 1 13.87 0.26 33 0.62
4 1.7 em® 44 0.74 39.75 0.67 16.25 0.27
5 1.2 cm® 47.12 0.56 35 0.42 17.87 0.21
Mean 1.66+0.32 44 59+7 .44 0.74+0.22 38.87+17.01 0.63+0.29 16.54+10.33 0.27+0.20
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Table 4. Showing the data obtained by point-counting of fields on seven sections of the pancreas at the second trimester.

Section Number of points falling on

No. No. of fields counted | Acini Islets of Langerhans Ducts | Connective tissue | Blood vessels | Total

1 80 0 0 19 1 100

! 2 69 0 0 31 0 100

1 48 1 5 34 12 100

2 2 86 3 7 3 1 100

1 70 1 0 20 9 100

3 2 59 1 1 35 4 100

1 54 0 5 34 7 100

! 2 62 0 3 20 15 100

1 80 4 0 16 0 100

> 2 71 4 1 9 15 100

1 72 2 4 13 9 100

° 2 56 5 1 30 8 100

. 1 34 6 8 36 16 100

2 90 3 0 6 1 100

Total 14 931 30 35 306 142 1400

Table 5. Showing the data obtained by point-counting of fields on twelve sections of the pancreas at the third trimester.

Section Number of points falling on

No. No. of fields counted | Acini Islets of Langerhans Ducts | Connective tissue | Blood vessels | Total

1 70 5 0 20 5 100

! 2 40 1 2 44 13 100

1 59 0 1 31 9 100

2 2 32 0 0 50 18 100

1 57 4 3 26 10 100

3 2 33 2 2 60 3 100

1 60 6 4 21 9 100

! 2 40 5 2 35 18 100

1 51 2 1 10 36 100

> 2 80 0 6 12 2 100

1 36 4 2 52 6 100

° 2 80 1 0 19 0 100

1 42 2 3 51 2 100

7 2 50 3 5 39 3 100

1 80 4 0 10 6 100

5 2 36 0 2 60 2 100

1 50 4 1 30 15 100

? 2 48 2 2 36 12 100

1 74 1 0 22 3 100

10 2 39 0 3 50 8 100

1 54 1 0 33 12 100

1 2 66 3 0 30 1 100

1 90 2 1 2 5 100

2 2 33 2 0 42 23 100
Total 24 1300 54 40 785 221 2400
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Table 6. Showing points falling on each parameters, the volume densities and the absolute volumes of the different components
of the pancreas at the second trimester 5 sections shown as Means + Standard Deviation.

Se;}tion No. of fields counted | Acini | Islets of Langerhans Ducts Connective tissue | Blood vessels TOt?l of
0. points
1 14 659 50 80 305 306 1400
2 14 714 13 20 552 101 1400
3 14 931 30 35 306 98 1400
4 14 705 19 55 369 252 1400
5 14 840 16 40 407 97 1400
Total 70 3849 128 230 1939 854 7000
Mean 769.8 25.6 46 387.8 170.8 100%
Volume densities 54.98% 1.82% 3.3% 27.7% 12.2%
Absolute volumes 1.48 cm® 0.049 cm® 0.089 cm® 0.74 cm® 0.32 cm®
Table 7. Total data obtained by point-counting of fields of five histological sections at the third trimester.
Se;}tion No. of fields counted | Acini | Islets of Langerhans Ducts | Connective tissue | Blood vessels NO.' of
0. points
1 24 1300 54 40 785 221 2400
2 24 1654 67 55 502 122 2400
3 24 1504 49 80 579 188 2400
4 24 1486 62 60 602 190 2400
5 24 1370 70 58 742 160 2400
Total 120 7314 302 293 3210 881 12000
Mean 1462.8 60.4 58.6 642 176.2 100%
Volume densities 60.95% 2.51% 2.44% 26.75% 7.34%
Absolute volumes 255 cm® 0.1 cm? 0.1 cm® 112 cm® 0.3 cm®

and 785, respectively. The volume density for the
acini was about 60.95% and that for the connective
tissue was about 26.75%. Hence the absolute volumes
calculated for the two parameters were 2.55 cm® and
1.12 cm®, respectively (Tables 5,7 and 9). The number
of points falling on ducts and islets of Langerhans
showed further increase being 54 and 40 respectively.
The calculated volume densities and absolute
volumes for the ducts were 2.44% (0.10 cm®) and
those for islets of Langerhans were 2.51% (0.10 cm®).

Discussion

The morphometric data on the pancreas of
the camel foetus were investigated with the view of
estimating the volume of the pancreas and the volume
densities of its main components namely acini, ducts,
islets of Langerhans, connective tissue, and blood
vessels. The results of this stereological study of
the pancreas of the camel foetus presented in this
research are the first report regarding morphometry
in the camel foetus. Stereological data obtained in
this investigation are prerequisite to understand the
structure and function correlation. The plots of Weibel

Journal of Camel Practice and Research

et al (1963) and Dunnil (1968) were used to insure the
sufficiency of the number of points counted for each
component studies.

To the best of our knowledge data on
morphometric development of the camel foetus
pancreas is virtually lacking. Even in other animals
the data found in the literature was only estimation of
the biometric parameters namely weight, length and
width (Singh et al, 2017) and the islets tissue (Edwin,
1986).

First trimester

As ducts and islets of Langerhans were not
observed in this stage they were excluded from the
study. The acini occupied approximately half the
volume of the pancreas in this trimester (44.62%
which was 0.71 ecm® of the total volume) whereas
the connective tissue occupied about 38.82% of the
whole pancreas. The blood vessels percentage was
to be 16.55% of the total volume of fresh pancreas.
No comparative data was available on the camel or
other animals. Taga et al (1998) studied the body mass
of the pancreas in the mouse. Numerous studies on
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Table 8. Showing the volume of fresh pancreas and volume densities of their main components in 5 camel foetuses at the second
trimester expressed as mean and standard deviations, Mean absolute volumes of components indicated in cm?.

.. Islets of . .
Animal Volume Acini Langerhans Ducts Connective tissue Blood vessels
number of

pancreas | vy o Absg,v Vv % Abs V Vv % Absg,v Vv % AbSSV Vv % Abs?’V

cm cm cm cm cm

1 3.5cm’ 47.00 1.60 3.50 0.12 5.70 0.20 21.70 0.76 22.00 0.80

2 25cm’ 51.00 1.27 1.00 0.02 1.40 0.03 39.40 0.98 7.20 0.18

3 1.5cm’ 66.50 0.99 2.10 0.03 250 0.037 21.80 0.32 7.00 0.10

4 28cm’ 50.30 1.40 1.35 0.04 3.90 0.10 26.30 0.73 18.00 0.50

5 3.2cm’ 60.00 1.90 1.14 0.04 2.85 0.09 29.00 0.92 6.92 0.20
Mean | 2.7+ 077 54.90+ 1.43+ 1.82+ 0.05+ 3.27+ 0.09+ 27.64+ 0.74+ 12.22+ 0.36+

e 8.05 0.34 1.03 0.04 1.62 0.06 7.26 0.25 7.23 0.29

Table 9. Showing the volume of fresh pancreas and volume densities of their main components in 5 camel foetuses at the third
trimester expressed as mean and standard deviations, Mean absolute volumes of components indicated in cm®,

Volume Islets of

Animal of frooh Acini Langerhans Ducts Connective tissue Blood vessels
number 3 3 3 3 3
pancreas % cm % cm % cm % cm % cm
1 6.1 cm® 54 3.20 2.20 0.13 1.60 0.10 32.7 1.90 9.20 0.60
2 5cm® 68.90 3.40 2.70 0.13 2.30 0.10 20.90 1.00 5.00 0.25
3 4cm’® 62.60 2.50 2.00 0.08 3.30 0.13 24.10 0.96 7.80 0.30
4 3.5cm’ 61.90 2.16 2.58 0.09 2.50 0.08 25.00 0.87 7.90 0.24
5 23 cm’ 57.00 1.30 291 0.06 2.40 0.05 30.90 0.71 6.60 0.15
Mean 4.18+ 60.88+ 251+ 2.48+ 0.10+ 242+ 0.09+ 26.72+ 1.10+ 7.30% 0.31+
1.44 5.71 0.84 0.37 0.03 0.61 3.54 4.92 0.47 1.58 0.17

the morphometry of the islets of Langerhans were
reported (Dean, 1973; Zharkov, 1996; Yorde and
Kalkhoff, 1986; Elayat et al, 1995).

Second trimester

In this stage the presence of ducts and islets
of Langerhans was first observed. Hence, they were
included in the parameters (components) studied
in this trimester. The acini also occupied half of
the volume of the pancreas (54.98% and about 1.48
em® absolute volume). An accompanied decrease
in the size of the connective was observed (27.70%
and absolute volume of 0.74 cm3). The ducts and
islets of Langerhans showed results of 3.30% and
1.82%, respectively. The blood vessels exert slight
decrease as a result of the development of the other
parameters, being 12.20% and absolute volume of 0.32
cm?®. Similarly, no comparative data was available
concerning the camel foetus.

Third trimester

The current research showed that the acini
underwent further increase in size and showed a
percentage of 60.95% and absolute volume of 2.55

242 / December 2019

cm®. The connective tissue presented more or less
similar data to the previous trimester showing a sort
of consistency, occupying about 26.75% of the volume
of the pancreas with absolute volume of 1.12 cm®.
Further increase was shown by islets of Langerhans
which occupied 2.5% of the volume of the pancreas
giving absolute volume of about 0.1 cm®. No increase
was noticed on the volume of the ducts. This may
suggest that the ducts reached their maximum growth
at the end of the second trimmer and at beginning
of the third trimester. The volume density for the
ducts was 2.44% and absolute volume of about 0.1
cm®. A marked decrease on the percentage of the
volume occupied by the blood vessels was noticed.
They occupied 7.34% of the volume of the pancreas
and showed an absolute volume of 0.3 cm®. This
could be attributed to the vast development of the
other components of the foetus pancreas. Further
morphometric study to investigate the postnatal
development of the camel foetus pancreas is required.
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ABSTRACT

The present study was carried out on 118 camels belonging to the 4 major breeds viz. Bikaneri, Jaisalmeri,
Kachchhi and Mewari to detect polymorphism in the promoter region of p-casein gene by PCR-RFLP. The PCR
amplification of 659 bp fragment spanning the promoter (-428bp) and the 5 flanking region (+231) of p-Casein gene
was carried out and restriction digestion with Hphl was done to study the transition g.2126A>G in the promoter
region of dromedary camel. This transition removes the restriction site for the Hphl. The restriction patterns were
characterised by the 2 fragments of 608 bp and 51 bp (GG), 4 fragments of 608 bp, 352bp, 256 bp and 51 bp for the
heterozygous (AG) and 3 bands of 352bp, 256 bp and 51 bp (AA). The genotype frequency in the Indian dromedary
was observed as 0.195, 0.525 and 0.280, respectively for the GG, AG and AA genotypes. The allele frequency was
0.458 and 0.542 for the G and A alleles, respectively. All the 4 Indian dromedary breeds were polymorphic for this
variation. This transition of amino acid in the promoter region has impact on the affinity of the TATA box binding
site in the gene transcription process. However, further investigations are required to verify the influence of this

allelic variant in the gene regulation process.
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The protein content in Indian dromedary breeds
has been estimated to be 2.3%, however, it ranges
from 2.3 to 4.9% in different camel rearing countries
(Singh et al, 2017). The casein is the major protein (1.63
to 2.76%) in camel milk and constitutes about 52 to
89%. In camel milk, p-CN (65%) is the main fraction
followed by 04-CN (22%), a5-CN (9.5%) and xk-CN
(3.5%) (El Agamy, 2006). It is hypothesised that since
B-CN is more sensitive to peptic hydrolysis than oy
and oy, -casein, the higher percentage of this casein
fraction in camel milk as compared to bovine milk
(45%) (Farrell et al, 2004) could reflect its higher rate
of digestibility and lower the incidence of allergy in
the infants nourished with camel milk (El Agamy et
al, 2009). The p-Casein encoding gene is considered
as a major gene for the presence of alleles associated
to different levels of expression in other species like
sheep, goat and cattle (Chessa et al, 2010; Caroli et al,
2006; 2009; Cosenza et al, 2005; Cosenza et al, 2007).
However, the information about the DNA sequence
of dromedary B-Casein is coming at a slow pace.
The cDNA and promoter sequences (Kappeler et al,
1998; 2003; Bhure et al, 2008) along with full length
sequence of CSN2 gene and promoter with annotation

is now available (Pauciullo et al, 2014). Looking at
the increased importance of camel milk due to its
nutritional and therapeutic utility, this study was
carried out to investigate the polymorphism in beta
casein gene promoter of Indian dromedary breeds.

Materials and Methods

Experimental animals

The blood samples were collected from 118
camels belonging to Bikaneri, Jaisalmeri, Kachchhi
and Mewari breeds (Table 1) of Indian dromedary
herd maintained at the ICAR-National Research
Centre on Camel, Bikaner, Rajasthan. Ten ml of
venous blood from jugular vein was collected in
EDTA. The samples were transported to the
laboratory in ice box and stored at 4°C until use.

PCR conditions

DNA was isolsated wusing phenol-
chloroform method (Sambrook et al, 1989) with
minor modifications. The PCR primers; forward:
GTTTCTCCATTACAGCATC and reverse
TCAAATCTATACAGGCACTT were utilised
(Pauciullo et al, 2014). PCR amplifications were carried
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out in 25 pl reactions containing 50 ng DNA, 25
pmol each primer (Sigma-Aldrich), 1.0 U Tag DNA
polymerase, 0.2 mM each dNTP, 2.5 pl 10X Tag DNA
polymerase buffer containing 10 mM Tris - HCI (pH
9.0), 1.5 mM MgCl,, 50 mM KCl and 0.01% gelatin.
The PCR amplification programme, performed on
Eppendorf Mastercycler Gradient, consisted of an
initial denaturation temperature of 95°C for 5 min,
then 34 cycles at 94°C for 30s, 58°C for 30s and
72°C for 1 min. Final extension was carried out at
72°C for 5 min. The B-Casein bands were visualised
in 1% agarose gel containing ethidium bromide.
The electrophoresis was carried out in 1XTBE at 80
Volts and the results were recorded using UVP gel-
documentation system.

Restriction digestion

Around 250-500 ng of amplified PCR products
were digested in 20 pl reaction using 5 units of
Hphl restriction enzyme (BioLabs) with CutSmart
Buffer and incubating at 37°C for 15 minutes. The
restriction bands were analysed on 2% Agarose gel
electrophoresis with appropriate marker DNA.

Statistical Analysis

The Chi-square test (x?) was performed using
IBM SPSS Statistics 20 software to test the statistical
significance of the differences between observed and
expected frequencies in genotypic classes.

Sequencing and Sequence Analysis

The PCR products were got sequenced on
ABI3730 DNA Sequencer. The SNPs were visualised
on chromatograms using Chromas 2.6.6 software.
The sequences were analysed using multi-align editor
of GeneTool Lite software. Sequence phylogeny was

derived using Nucleotide BLAST programme of
NCBI.

Results and Discussion

PCR amplification of p-Casein gene promoter
The PCR amplification of 659 bp fragment
spanning the promoter (-428bp) and the 5 flanking
region (+231) of p-Casein gene was successfully
achieved in Bikaneri, Jaisalmeri, Kachchhi and
Mewari Camels (Fig 1). The present results agree
with the findings of Pauciullo et al (2014), where
PCR amplification of 659 bp fragment spanning
the promoter (-428bp) and the 5 flanking region
(+231) of p-Casein gene in Sudanese camel (Camelus
dromedarius) was achieved using the same primer pair.

PCR-RFLP of p-Casein gene fragment

To study the transition g.2126A>G in the
promoter region of dromedary camel, restriction
digestion of PCR product (659 bp) of p-Casein gene
promoter was carried out using Hphl restriction
enzyme and the restriction bands were resolved in
2% Agarose gel. The restriction digestion lead to 2
digested daughter bands of fragments of 608 bp and
51 (GG genotype); 4 fragments of 608 bp, 352bp, 256
bp and 51 bp for the heterozygous (AG genotype) and
3 bands of 352bp, 256 bp and 51 bp (AA genotype).
This transition g.2126 A>G removes the restriction site
for the Hphl. The results are presented in Fig 2.

The breed-wise observation of data indicated
that the GA genotype was present in all 4 Indian
camel breeds showing that the nucleotide substitution
at g.2126 A>G SNP was widespread. The frequency
of GA genotype in Bikaneri, Jaisalmeri, Kachchhi and
Mewari was observed to be 0.607, 0.515, 0.414, and

Table 1. Genotype frequency in Indian dromedary at -Casein gene promoter.

Bikaneri Jaisalmeri Kachchhi Mewari
Genotype
M F P M F P M F P M F P
N 13 15 28 6 27 33 14 15 29 13 15 28
GG 0.15 0.2 0.18 0.17 0.11 0.12 0.21 0.13 0.17 0.30 0.33 0.32
GA 0.70 0.53 0.61 0.50 0.52 0.52 0.29 0.54 0.41 0.62 0.54 0.57
AA 0.15 0.27 0.21 0.33 0.37 0.36 0.50 0.33 0.42 0.08 0.13 0.11
M-Male; F-Female; P-Pooled Sex; N-Number of Animals
Table 2. Genotype and allele frequency in Indian dromedary at B-Casein gene promoter.
Genotype Male Female Pooled Allele Frequency
GG 0.22 0.18 0.19 G 0.458
GA 0.52 0.53 0.53 A 0.542
AA 0.26 0.29 0.28
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0.572, respectively. The frequency of the GG, GA and
AA genotypes pooled over breeds was 0.195, 0.525
and 0.28, respectively, indicating that the 2 alleles
at the locus in Indian dromedary are segregating
in typical Mendelian ratio of 1:2:1. The same was
substantiated by the chi-square test (x>= 1.921; P
>0.05 at 2 degrees of freedom). Almost comparable
polymorphism was observed in both the sexes. The
three genotypes (GG, GA, AA) were almost equally
distributed among the 4 Indian breeds (X2=10.6013; P
=0.10151). The frequency of allele G was observed to
be 0.458 and that of A was observed to be 0.542. The

659 bp

lower frequency of G allele is an indication that this
genetic variant, responsible for the lower affinity of
the TATA box binding site, might be less facilitated
in gene transcription process. Further, here it may
be pertinent to mention that the Bikaneri, Jaisalmeri,
Kachchhi and Mewari camels were mainly used for
their draught potential (Rathore, 1986). The breeds
differed significantly in terms of milk production
(Sahani et al,1998), draught potential and speed and
stride (Rai et al, 1992), etc. Further, these breeds have
been recently selected for their milk production
potential (Mehta et al, 2011; 2014). Thus, the existence

659 bp 608 bp
— e R TN Gemmn G W G— G G—

608 bp

352 bp
256 bp

51 bp

Fig 2. PCR-RFLP genotyping of camel B-Casein gene promoter with Hphl. Lane 1,9 : Undigested Product of 659 bp; Lane 2 :
GG genotype (608 bp and 51 bp) ; Lane 3,6-8,10-15 : GA genotype (608 bp, 51 bp and 352 bp, 256 bp, 51 bp); Lane 4-5 :
AA genotype (352 bp, 256 bp and 51 bp) ; M-100 bp marker.
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GACTATATAAATCGCCACAAAAACAGACCATTATCCACTCAGATCCTCCTTCACTTCT
GACTATATAAATCGCCACAAAAACAGACCATTATCCACTCAGATCCTCCTTCACTTCT
GACTATATAAATCACCACAAAAACAGACCATTATCCACTCAGATCCTCCTTCACTTCT
GACTATATAAATCGCCACAAAAACAGACCATTATCCACTCAGATCCTCCTTCACTTCT
GACTATATAAATCACCACAAAAACAGACCATTATCCACTCAGATCCTCCTTCACTTCT
GACTATATAAATCACCACAAAAACAGACCATTATCCACTCAGATCCTCCTTCACTTCT

Fig 3. SNP g.2126A>G in the promoter region of CSN2 gene in the Indian camel population.
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Fig 4. A four-colour chromatogram showing GA genotype in
the promoter region of CSN2 gene in Indian dromedary.

of this single nucleotide polymorphism at g.2126A>G
SNP in all 4 Indian dromedary breeds in uniform
pattern indicate that it is independent of the selection
of the Indian camel breeds for various purposes,
especially the milk production.

® Lama glama partial CSN2 gene, promoter and exon 1

However, Pauciullo et al (2014) reported little
higher frequency of allele A (0.65) in Sudanese camel
breeds with the variation among the ecotypes ranging
between 0.59 and 0.72. Since, the B-casein is the most
abundant protein in camel milk and its encoding gene
(CSN2) in other species is considered as a “major’
gene for the presence of alleles associated to different
level of expression, the present results indicated the
existence of genetic variation in the Indian dromedary
breeds at this locus and further investigation with
regard to its association with the expression of
[-casein gene in terms of diversity and concentration
in the camel milk might possibly pave the way for its
utilisation for the production of diversified milk.

Nucleotide-substitution: SNP verification by
sequencing

The samples identified as representing GG,
GA and AA genotype with respect to the single
A >G nucleotide substitution in promoter region
of CSN2 gene were sequenced. The analysis of
sequences confirms the specificity of the sequences
for the identified SNP genotypes (Figs 3 and 4). The
phylogenetic analysis of the sequence containing A>G
substitution formed a separate node between Llama

® ® Camelus bactrianus promoter and 5'UTR region of gene csn2

®|cl |Query_120353

® Camelus dromedarius CSN2 gene for Beta-casein precursor, including promoter region

4 B Camelus dromedarius isolate C09_CNS2-17-1_CNS1 CSN2 (CSN2) gene, promoter region exon 1, and intron 1

9 Camelus dromedarius isolate 109_CNS2-18-1_CNS1 CSN2 (CSN2) gene, promoter region exon 1, and intron 1
®

® Camelus dromedarius isolate 107_CNS2-15-2_CNS1 CSN2 (CSN2) gene, promoter region ...

@ Camelus dromedarius partial gene for beta-casein, 5' flanking region

© Camelus dromedarius csnb gene, promoter region

® Lama glama partial CSN2 gene, promoter and exon 1

® ® Camelus bactrianus promoter and 5'UTR region of gene csn2

® ® Camelus dromedarius CSN2 gene for Beta-casein precursor, including promoter region

® Camelus dromedarius csnb gene, promoter region

© Camelus dromedarius partial gene for beta-casein, 5' flanking region

& 1cl| Query_6661

® ® Camelus dromedarius isolate C09_CNS2-17-1_CNS1 CSN2 (CSN2) gene, promoter region exon 1, and intron 1
L
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ey o

® Camelus dromedarius isolate EO5_CNS2-12-1_CNS1 CSN2 (CSN2) gene, promoter region ...

© Camelus dromedarius isolate I09_CNS2-18-1_CNS1 CSN2 (CSN2) gene, promoter region exon 1, and intron 1

(b)

Fig 5. Phylogenetic analysis of sequence containing G allele (Fig 5a) and A allele (Fig 5b) at SNP g.2126 A>G in the promoter

region of CSN2 gene in the Indian camel.
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(Lama glama) and double-humped camel (Camelus
bactrianus) on one side and single-humped camel
(Camelus dromedarius) sequences on the other side
(Fig 5a); whereas, the sequence containing A allele
were placed within the single-humped camel (Camelus
dromedarius) sequences (Fig 5b).

The study documents the existence of genetic
polymorphism in Indian dromedary breeds at the
promoter region of CSN2 gene. This DNA based
PCR-RFLP test can be used for typing camel CSN2
variability independent of age, sex and stage of
lactation of animals for selecting them in breeding and
production programmes. The information generated
can be utilised to produce diversified camel milk to
increase the economic value of camel milk and the
income of the poor camel owners.
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ANTIBACTERIAL FUNCTIONS OF NEUTROPHIL
AND MONOCYTE IN NEWBORN DROMEDARY
CAMEL CALVES

Jamal Hussen
Department of Microbiology and Parasitology, College of Veterinary Medicine,
King Faisal University, Al Ahsa, Saudi Arabia

ABSTRACT

Newborn camel calves show recurrent infections with higher mortality rates in comparison to adult camels.
It is unknown, whether these infections are related to reduced antimicrobial function of innate immune cells. The
objective of the current study was to evaluate the impact of age on the phagocytosis function of neutrophils and
monocytes in dromedary camel. Phagocytosis of Staphylococcus aureus by blood neutrophils and monocytes collected
from newborn camel calves and adult camels was analysed by flow cytometry. In comparison to the cells collected
from adult camels, newborn calf neutrophils and monocytes showed lower percentages of phagocytosis positive cells.
The analysis of phagocytosis capacity (number of bacteria ingested by each cell) as measured by the mean fluorescence
intensity (MIF) of phagocytosis positive cells revealed reduced phagocytosis capacity of newborn calf monocytes in
comparison to adult monocytes. Together, these results show impaired antimicrobial functions of neutrophils and

monocytes from newborn camel calves.

Key words: Flow cytometry, monocyte, neutrophil, newborn camel, phagocytosis

After birth, newborns leave the sterile uterine
environment and become exposed to huge amount
of microorganisms (Bandrick et al, 2014). At this
stage, protective mechanisms are immature and
their immune response is characterised by low
concentrations of immunoglobulins (Kamber et al,
2000). Neutrophils and monocytes are key innate
immune cells with central roles in antimicrobial
defense mainly by phagocytosis and subsequent
killing of bacteria during the early phase of infection
(Hussen et al, 2016; Hussen and Schuberth, 2017;
Adrover et al, 2019). Neutrophil and monocyte
anti-microbial activity is mainly mediated by
phagocytosing bacteria and killing the ingested
microbes by means of oxygen-dependent and
-independent mechanisms (Mantovani et al, 2011). In
other veterinary species, neutrophils and monocytes
phagocytosis activity has been shown to be influenced
by age. For bovine calves, antimicrobial functions of
neutrophils and monocytes is impaired during early
phase after birth (Batista et al, 2015).

Age-related changes in phagocytosis capacity
of camel neutrophils and monocytes are not
investigated. The objective of the current study
was therefore to analyse the ability of neutrophils

and monocytes collected from peripheral blood of
newborn dromedary camel calves and adult camels
to phagocytose bacteria in vitro.

Materials and Methods

Blood samples were collected from fifteen
newborn camel calves (aged < one month) and 35
adult camels aged between 6 and 12 years at Camel
Research Centre, King Faisal University, Al-Ahsa,
Saudi Arabia. Blood was obtained by venipuncture
of the vena jugularis externa into vacutainer tubes
containing EDTA (Becton Dickinson, Heidelberg,
Germany).

Cell separation

Separation of whole camel leukocytes was
done after hypotonic lysis of blood erythrocytes
(Hussen et al, 2017). Briefly, blood was suspended
in distilled water for 20 sec and double concentrated
PBS was added to restore tonicity. This was
repeated (usually twice) until complete erythrolysis.
Separated cells were finally suspended in RPMI
medium at 5 x 10° cells/ml. The mean viability of
separated cells was evaluated by dye exclusion
(propidium iodide; 2 pg/ml, Calbiochem, Germany)
and it was above 92%.

SEND REPRINT REQUEST TO JAMAL HUSSEN email: jhussen@kfu.edu.sa

Journal of Camel Practice and Research

December 2019/ 251



Phagocytosis Assay A)
Heat killed Staphylococcus

Neutrophils

aureus (S. aureus) bacteria 1.0K A 1.0K A
(Pansorbin, Calbiochem, Merck,
Nottingham, UK) were labeled 800 800 -
with fluoresceinisothiocyanate ] A ]
(FITC, Sigma-Aldrich, St. Louis, U 600 0007
Missouri, USA). Separated N 400 ] 100 ]
leukocytes were plated in 96 well 1 1
plates (1 x10° /well) and incubated 200 200
with FITC-conjugated S. aureus ] P, ]
(50 bacteria/cell) for 30 minutes o N e —
(37°C, 5% CO,). Control samples 0 200 600 800 h\ 10 100 10 10
were incubated without bacteria. FSC 10K -
After incubation, samples were ] Monocytes
analysed by flow cytometry after 800
addition of propidium iodide (PI, 2 1
pg/ml final) to exclude dead cells. 600
Phagocytic activity of monocytes ]
and neutrophils was defined as 4007
the percentage of green fluorescing ]
cells among viable cells. Mean 2007
green fluorescence intensity (MFI) O el
of phagocytosis-positive cells was B T
measured as indicator for the B FITC-S. aureus
number of bacteria phagocytosed )
by each cell. .
100  Neutrophils 100 Monocytes
Statistical Analysis .
Statistical analysis was X 904 — 2 207 —

performed with Prism (GraphPad). '2 '2 504
Results are presented as means * S R g S
S.E. of the mean (SEM). Differences éo éo 70
between means were tested with t e =
test and results were considered A0 ® 60+
significant at a p-value of less than
0.05. 60 T 50 T

Newborn Adult Newborn Adult

Results and Discussion

The present study analysed
the impact of age on the capacity
of camel blood neutrophils
and monocytes to phagocytose
bacteria in vitro.

Newborn camel calves
show higher mortality rates in comparison to adult
camels. The higher mortality is often a result of
recurrent bacterial infections (Chaffee, 1968; Wernery
et al, 1992; Kamber et al, 2000; Bornstein et al, 2008;
Rhouma et al, 2018). Phagocytosis represents a key
antimicrobial mechanism used by the innate immune
cells neutrophils and monocytes to ingest and kill

252 / December 2019

Fig 1. Flow cytometric analysis of phagocytosis of bacteria by camel neutrophils and
monocytes. A) Separated camel leukocytes were incubated with FITC-labelled
heat inactivated S. aureus and analysed by flow cytometry. After setting agates
on granulocytes and monocytes according to their FSC and SSC properties,
phagocytosis-positive cells were defined based on their higher green fluorescence
(representative results are shown). B). The percentage of phagocytosis-positive
neutrophils and monocytes were calculated and presented graphically (means
+SEM). (* = p<0.05).

bacteria (Soehnlein and Lindbom, 2010). In order
to see whether animal’s age affects antimicrobial
functions of these camel innate immune cells, the
capacity of neutrophils and monocyte, collected from
15 newborn camel calves (aged < four weeks) and 35
adult camels, to phagocytose S. aureus was analysed
by flow cytometry (Fig1 A).
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which is mainly expressed on
granulocytes and monocytes and
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(Ley et al, 2007). Similar results
were reported for bovine calves
with reduced antimicrobial
functions of their neutrophils
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and monocytes (Batista et al,
2015). The reduced phagocytosis
ability of blood neutrophils
and monocytes in newborn
camels may therefore contribute
to the higher susceptibility of
these animals to bacterial
infections during their early life
* postpartum.

Monocytes

In summary, the current
study shows that phagocytosis

400+
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of bacteria by neutrophils and
monocytes, as a key antimicrobial
function, is reduced in newborn
camel calves. Further studies
are needed for the analysis of

Adult

Newborn

Newborn
Fig 2. Phagocytosis capacity (number of bacteria ingested by each cell).of camel
neutrophils and monocytes. A) Separated camel leukocytes were incubated with

mechanisms responsible for the
reduced phagocytosis function of
camel neutrophils and monocytes.

Adult

FITC-labelled heat inactivated S. aureus and analysed by flow cytometry. After

setting agates on granulocytes and monocytes according to their FSC and SSC
properties, phagocytosis capacity were identified using histograms. B). The mean
fluorescence intensities of green fluorescence-positive neutrophils and monocytes
were calculated and presented graphically (means £SEM). (* = p<0.05).

In comparison to cells collected from adult
camels, newborn calf neutrophils and monocytes
showed lower percentages of phagocytosis positive
cells (Fig 1 B). The percentage of phagocytosis-
positive cells was however, higher for neutrophils
than monocytes (Fig 1 B).

The analysis of phagocytosis capacity
(number of bacteria ingested by each cell) as
measured by the mean fluorescence intensity (MIF)
of phagocytosis positive cells revealed reduced
phagocytosis capacity of newborn calf monocytes
in comparison to adult monocytes. However, the
number of bacteria ingested by each neutrophil did
not differ between newborn and adult animals (Fig
2 A and B).

The reduced ability of blood neutrophils
and monocytes to ingest bacteria may be due to
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ABSTRACT

The present study was undertaken to explore the genetic variability in kappa casein gene in Bikaneri camel.
DNA from camel were extracted through spin column method. PCR was carried out in a final reaction volume of 50
pl and the reaction mixture was subjected to standard PCR protocol. PCR products (488 bp) were digested with Alul.
The RFLP analysis of kappa casein gene through Alul restriction enzyme detected 2 genotypic pattern in all the studied
animals in a genotypic frequency of 0.41 and 0.59 for CT and TT genotype and gene frequency 0.79 (T allele) and 0.21
(C allele). In conclusion, the genetic polymorphism in kappa casein gene which is detected first time in Indian camel
is considered the best way for enhancing milk composition by selection of animals with superior traits.

Key words: Genetic polymorphism, Kappa casein, Polymerase chain reaction

Camel milk becomes an important source
of protein for many nomadic communities of all
over the world, where other sources of proteins
are scarce (Kappeler ef al, 1998 and Konuspayeva
et al, 2009). Recently, there has been an increasing
trend in consumption of non-bovine milk as an
alternative protein source for humans, and is being
promoted as healthy food due to its therapeutic
value such as antioxidant activity (Hinz et al, 2012).
Camel milk is rich in insulin and insulin like proteins
and it has higher antimicrobial, anti-inflammatory,
antiviral, antifungal and anti-cancerous properties
(Konuspayeva et al, 2007; Alhaider et al, 2013; Ismael
et al, 2013; Kanwar et al, 2015). Camel milk is almost
similar to goat milk in composition and contains
less short-chain fatty acids than cow, sheep and
buffalo milk. Its milk contains 2.4 to 5.3 per cent
total protein (Konuspayeva et al, 2009; Nikkah,
2011a, 2011b) which is divided into caseins (CN
~80%) and whey proteins (Giambra et al, 2013). Milk
Caseins proteins are further categorised into 4 main
types such as asl-casein, as2-casein, f-casein, and
K-casein, encoded by single autosomal four genes
CSN151, CSN2, CSN1S2 and CSN3, respectively
(Ikonen et al, 2008 and Ereifej et al, 2011). Despite of
less fraction of Kappa casein (3.5 %) in camel milk, it
plays an important role in stabilising casein micelles
and causes cleavage of phenylalanine-methionine
bond and results in initiation of micelle aggregation
for curd formation (El-Agamy, 2006; Lutfuaalah

et al, 2011). Genetic polymorphisms in casein gene
are important due to their effects on quantitative
traits and technological properties of milk (Frajman
and Dovc, 2004). Previously, various workers have
studied the characterisation of candidate gene and
genetic polymorphism in camels (Pauciullo et al, 2013;
Othman et al, 2016; Tanegonbadi et al, 2016), bovine
(Lucy et al, 1991; Schlee et al, 1994; Geet et al, 2003),
ovine (Wallis et al, 1998; Bastos et al, 2001) and caprine
(Wallis et al, 1998; Gupta et al, 2007).

Studies on analysis of genetic polymorphism on
k-casein gene in Indian camels are lacking. Therefore,
the aim of present study was to investigate genetic
polymorphism in kappa casein gene in Indian camels.

Materials and Methods

Animals and DNA isolation

The blood samples of 70 Bikaneri camels were
collected from Bikaner region which is in grid position
of 28.02°N and 73.31°E with mean annual rainfall of
277. 55mm. Blood samples (10mL) were obtained and
stored at -20°C temperature until DNA extraction
was carried out. Genomic DNA was extracted from
blood sample through spin column method as per
standard method (Sambrook and Russell, 2001) under
manufacturer’s protocols through Genomic DNA
Purification Kit supplied by HIMEDIA Pvt. Ltd.
Horizontal agarose gel electrophoresis was carried
out to check the quality of genomic DNA using 0.8%
w/ Vv agarose.
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Polymerase chain reaction

For amplification of 488bp of kappa casein gene,
the specific forward (CSN3F- 5CAC AAA GAT GAC
TCT GCT ATC G 3") and reverse (CSN3R - 5" GCC
CTC CAC ATA TGT CTG 3) primers which were
designed by using Primer 3 plus software according
to available sequence on NCBI GenBank database.
The PCR reaction was carried out for making final
volume 50 pl containing GeneTaq PCR Master Mix
25ul, Forward primer 0.5ul, Reverse primer 0.5 pl,
template DNA 4 and Nuclease free water 20 pl.
The PCR was carried out in Master cycler Gradient
Eppendorf (Germany) thermal cycler. PCR program
was set up as follows in table 1. PCR amplified DNA
product were analysed by analytical agarose gel
electrophoresis as per the procedure described by
Sambrook et al (2001).

Endonuclease digestion

Restriction Fragment Length Polymorphism
(RFLP) method with Alul restriction enzyme was
applied for genotyping analysis of kappa-casein gene
(Othman et al, 2016). Total 15 pl of the amplified
products were digested with 1.5 pl of Alul in a final
volume of 45 pl (Nuclease free water 13 pl, 10X
Buffer 2 pl, Alul RE 1.5 pl, PCR product 15 ul) at 37°C
overnight for digestion in incubator.

Electrophoresis

The restriction fragments were resolved by
polyacrylamide gel electrophoresis on 12% gel in 0.5X
TBE buffer at 110V for 2 Hrs. As a DNA size marker,
low molecular weight ladder (50 bp ladder, NEB) was
run parallel in the gel. After staining with Ethidium

500 bp—
400 bp—
300 bp—»

200 bp—

«~—488 bp

100 bp—

Fig 1. PCR amplicons of kappa casein gene of dromedary camel.
Lane 1-7: PCR amplicons of 488 bp
MW : Molecular weight marker (100 bp ladder)
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bromide, the fragments were visualised by UV
transilluminator and documented by photography.

Table 1. PCR Conditions of kappa casein (CSN3) Gene

Steps Temperature | Time No. of
Cycle
I. Initial 95°C 5 min. 1
Denaturation
II. Cycle
(i) Denaturation 94°C 45 secs. Over all
(ii) Annealing 57.2°C 1 min. total
(iii) Synthesis 72°C 1 min. 36 cycles
III. Final extension 72°C 10 min. 1
IV. Hold 4°C 5 min 1
Statistical Analysis

Estimation of Gene and Genotype frequencies

The data was generated by estimating frequency
of restriction digestion patterns of the PCR products.
The allele and genotype frequencies were calculated

by using standard formula (Falconer and Mackay,
1996).

Number of individuals of
a particular genotype

Genotype frequency =
P q Y Total number of animals of

all genotypes

Results and Discussion

DNA was extracted from all blood samples. All
the samples employed in the present investigation
were found to be devoid of fragmentation as
evidenced by the absence of smearing on gel and
presence of intact bright genomic DNA band. The
PCR products were assessed by electrophoresis on
1.5% agarose gel and visualised under UV light. A
clear cut amplified band of 488 bp with no smearing
was obtained in all studied animals (Fig 1). The
restriction digestion of 488 bp fragment of kappa
casein gene indicated the presence of 2 types of
restriction patterns in indian dromedary. The first
pattern was assigned as genotype CC was not
detected, whereas second pattern TT produced 3
fragments 203-bp, 158-bp and 127-bp and the third
pattern CT was identified by presence of 4 separate
intact fragments of 203-bp, 146-bp,127-bp and 12-
bp (Fig 2). Two types of genotype CT and TT was
detected having 2 alleles C and T. Scrutiny of table
2 shows the distribution of gene and genotypic
frequency for kappa casein gene. The genotypic
frequency of observed genotype TT and CT were
distributed in frequency of 0.59 and 0.41, respectively.
An excess of homozygote over heterozygote is
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MW 1 2 3 4 5 6

«—203bp

20 bp—> «— 158 bp

200 bp—>

150 bp—» «—127bp

100 bp—>

50 bp—>

Fig 2. Restriction fragment analysis of kappa casein gene in
dromedary camel.
MW: Molecular weight marker
Lane 1-3: Genotype CT
Lane 4-6: Genotype TT

preferred in camel which could be the effect of natural
selection over years of evolution. The estimated allele
frequency of T and C allele as observed is 0.79 and
0.21, respectively. The allele C is found to be less
frequent in comparison to T.

Table 2. Genotypic and allele frequency of kappa casein gene.

Gen ic fr n Allele
Kappa Number | Genotypic frequency frequency
casein of cc|lcr | 1T | C T
gene am;l(;als il "
- (29) 1) 0.21 0.79

Polymorphism in kappa casein gene is identified
in different breeds of Sudanese camel showed 3
genotypes CC, CT and TT and allelic frequency of T
allele was more as compared with C allele (Pauciullo
et al, 2013). Othman et al (2016) who reported that
restriction digestion of 488 bp PCR product with
Alul yielded 3 restriction patterns with CC genotype
yielded 203,127,120 and 38 bp, CT genotype yielding 4
fragments 203,158,127,120 and 38 bp and TT genotype
yielded 203,158 and 127 bp for Maghrabi camel but
only one type of genotype TT was found in strong
agreement with our study. All 3 genotypes CC, CT
and TT were detected in all 3 previous studies and
CC genotype having lowest frequency (Pauciullo
et al, 2013; Othman et al, 2016; Tanegonbadi et al,
2016). In our study CC genotype was not detected.
On comparison of the results of the present study
with those by Othman et al (2016) and Tanegonbadi
et al (2016) it can be observed that TT genotype
had higher frequency. While Rachagani et al (2008)
concluded that the frequency of genotype BB allele
is less in Tharparkar breed as compared to AA and
AB. Genotype BB of kappa casein gene had more
influence on the monthly milk yield, monthly SNF

Journal of Camel Practice and Research

yield and protein yield in Sahiwal cattle. However,
reports by Mitra et al (1998) presented lower (0.12)
gene frequency of CSN3 B allele in Murrah, Nili-Ravi
and Egyptian buffaloes. Singh et al (2005) observed
lower frequency of the CSN3 B allele in Murrah (0.10)
and Bhadawari (0.08) which is contrary to our finding
in camel.

The polymorphism on kappa casein gene was
first time detected in any Indian camel breed. It can
be a starting point for further characterisation of kappa
casein gene. The different regions of kappa casein
gene could be further studied with large number of
animals.
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ABSTRACT

Escherichia coli causes major neonatal diarrhoea resulting in a high camel calf mortality. In this study, we
concentrated on the gut microbiota of dead 1 to 2 week-old camel calves. Faecal samples were collected during
necropsy from small intestines of calves which had died from colibacillosis. Twenty E. coli strains were isolated and
all of them were successfully amplified by conventional PCR of the 16S rRNA E. coli gene. The strains were further
tested using the commercially made real-time kits PowerChek Diarrhoeal E. coli 4-plex Real-time PCR Kit I and
II (Kogenebiotech, Seoul, Korea) that target 8 pathogenic E. coli genes. All 20 samples analysed showed negative
results. Even after sequencing and blasting against the GenBank database, all six pathotype strains were excluded
and all GenBank data were matched with commensal flora of E. coli. Since the immune system of newly born camels
is weak and their immune response is immature, infection might result from unsanitary conditions in breeding
herds, ingestion of contaminated mother’s milk or unhygienic food. Other virulence factors of E. coli could also be

responsible for these calf fatalities.

Key words: Camel, E. coli strains, molecular identification

Colibacillosis and colisepticaemia have been
reported in Old World Camels (OWCs) and New
World Camels (NWCs) and an overview of the
current situation is presented by Wernery et al (2014).
Colibacillosis or colisepticaemia occur mainly in
young camelids with considerable economic losses.
Morbidity can reach 30% and without immediate
veterinary intervention mortality can reach 100%.

The objective of this study was to test 20 E. coli
strains isolated from dromedary camel calves during
necropsy molecular biologically for the presence of
pathogenic genes.

Materials and Methods

Sample collection

All 20 E. coli samples were isolated from
the small intestines of 1 or 2 week-old necropsied
calves which showed E. coli septicaemia. Bacterial
cultural and biochemical analysis were performed
at 3 veterinary centres: Advanced Scientific Group
breeding centre, Abu Dhabi, Al Wathba veterinary
clinic, Abu Dhabi and Central Veterinary Research

Laboratory, Dubai. PCR was carried out with primers
for the 16s rRNA gene of E. coli genera.

DNA Extraction

DNA were extracted using 2 different methods:
boiling method and G-spin™ Genomic DNA
Extraction Kit (iNtRON Biotechnology Korea). DNA
was extracted according to the iNtRON G-spin™
Extraction Kit protocol.

PCR Primer

Twenty E. coli samples were identified using the
16S rRNA gene with the E.coli primer pair where the
forward primer is 5’CCC CCT GGA CGA AGA CTG
A3’ and the reverse is 5 ACC GCT GGC AAC AAA
GGA3 (Wang et al, 2002; Brandal et al, 2007).

Conventional PCR

The 16S rRNA gene of the E. coli primer pair
were used in this study. The forward primer is 5’CCC
CCT GGA CGA AGA CTG A3’ and the reverse is
5 ACC GCT GGC AAC AAA GGA3Z’. The PCR
assay was carried out in 25 pL of reaction mixture
consisting of PCR buffer (20 mM Trisp-HCI, 50 mM
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K, and 1.5 mM MgCl,), 0.4 mM of dNTPs (Promega,
Madison, USA), 0.2 uM of each primer (Alpha DNA
Canada), 1 unit of hot start Taq polymerase (Promega
USA), and 2 uL of the DNA template. The reaction
mixture was run on a thermal cycler (Veriti Thermal
Cycle Applied Biosystems, CA USA) with an initial
denaturation of 95°C for 5 minutes, then 30 cycles of
95°C for 1 minute, 55°C for 30 seconds, and 72°C for
40 seconds. The final extension was performed at 72°C
for 5 minutes.

Gel Electrophoresis

The PCR products were analysed by gel
electrophoresis with 10 uL of sample applied to a 2%
agarose gel prepared with 5 uL of 20.000X RedSafe
nucleic acid staining solution (iNtRON Biotechnolgy,
Korea) and electrophoresed at 90 V for 40 minutes in
1X TAE buffer (0.04 M Tris/acetate, EDTA 1 mM). A
100 bp ladder (Promega, Madison, USA) was used as
a standard marker. Then, the gel was visualised with
a UV transilluminator and photographed.

Realtime PCR

Multiplex real-time PCR were carried out using
PowerChek Diarrhoeal E. coli 4-plex Real-time PCR
Kits I (VT1, VT2, LT, ST) and II (eaeA, aggR, bfpA,
and ipaH) (Kogenebiotech, Seoul, Korea) according
to the manufacturer’s protocol. Assay was performed
on a Rotor-Gene Q Real-time PCR (QIAGEN, Hilden
Germany) with initial denaturation of 95°C for 10
minutes, then 40 cycles of 95°C for 15 seconds and
60°C for 1 minute where fluorescent detection was
carried out at the end of the second step of each cycle
with appropriate probe dyes according to the kit
protocol.

Sequencing 16S rRNA gene

The PCR product for the 16S rRNA gene
primers were purified with a QIAquick PCR
purification kit (QIAGEN, CA, USA) and directly
sequenced with PCR primers, forward and reverse,
separately. Sequencing was carried out with Bigdye
Terminators on an ABI 3730 genetic analyser
(Applied Biosystems, CA, USA) according to the
manufacturer’s protocol.
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Results and Discussion

DNA was extracted from subcultures of 20
E. coli samples isolated from dead camel calves
and amplified successfully with the 165 rRNA E.
coli gene. All samples were PCR positive giving
a single band of 400 bp on a 2% agarose gel by
electrophoresis. E. coli strain JM109 competent cells
(Promega, Madison, USA) were used as a positive
PCR control which also gave a clear 400 bp band.
Three known Salmonella strains were also used as
a negative control which gave no band. A 100 bp
ladder (iNtRON Biotechnolgy, Korea) was used as a
molecular weight marker.

In this study, we ran commercial made real-time
kits that target 8 genes, namely VT1(stx1), VI2(stx2),
LT, ST, eaeA, aggR, bfpA, and ipaH. PowerChek
Diarrheal E. coli 4-plex Real-time PCR Kits I and II
(Kogenebiotech, Seoul, Korea) with 2 multiplex real-
time PCRs. All 20 E. coli DNA samples were run on
a Rotor-Gene Q Real-time PCR (QIAGEN, Hilden,
Germany) according to the manufactures protocol.
All 20 samples showed no amplification whereas the
fluorescent curve of the positive control threshold
after 17 cycles and the negative control showed no
amplification.

This study demonstrated that all 20 E. coli
isolates that killed neonatal camels were non-
pathogen using normal routine molecular biological
tools. However, other virulence factors could be
responsible for these calf mortalities.
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ABSTRACT

The objective of this study was to investigate the effect of the CYP3A enzyme specific inhibitor Itraconazole on
the pharmacokinetics of midazolam in Bactrian camels. The camels were allocated randomly into 2 groups of 5 animal
each. Camels in group 1 were given a single dose of midazolam only, and camels in group 2 were administered 4
consecutive days of Itraconazole and a single dose of Midazolam. Blood samples were collected from the jugular vein
at different times. Midazolam concentration in plasma was determined by high-performance liquid chromatography-
ultraviolet detection. The pharmacokinetic parameters of Midazolam were analysed by Phoenix WinNonLin v7.0.
There were no significant differences in the clearance or mean residence time of midazolam between the two groups.
However, substantial differences were observed in Ty, Tmax, Cmax AUCo_t and V4 between them. Ty, Cpax and
AUCy_t in group 2 were higher than that in group 1, whereas T, and V4 in group 2 were significantly lower than
that in group 1. Therefore, midazolam was metabolised mainly by CYP3A in Bactrian camels, and Itraconazole, a
specific inhibitor of CYP3A enzyme, could inhibit CYP3A activity significantly and affect the pharmacokinetics of
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midazolam in Bactrian camels.

Key words: Bactrian camel, CYP3A enzyme, itraconazole, midazolam, pharmacokinetics

Midazolam is a water-soluble benzodiazepine
sedative-hypnotic (Paulson et al, 2017). It can relieve
headaches and moderate ataxia and, at physiologic
pH, the drug becomes much more lipid-soluble
(Dundee et al, 1984). Midazolam is also considered
to be a “model” substrate drug for CYP3A enzyme
in animals. It has been used widely to evaluate
CYP3A activity and, through finite sampling, has
been employed to evaluate CYP3A activity in vivo
(Lee et al, 2002; Katzenmaier et al, 2011; Halama et
al, 2013). Itraconazole is a broad-spectrum triazole
used to treat infections caused by dermatophytes,
yeasts, dimorphic and dematiaceous fungi and molds
(Haria et al, 1996). Itraconazole is also a competitive
inhibitor of CYP3A, causing significant drug-drug
interactions if co-administered with other CYP3A
substrates (Neuvonen et al, 1998; Olkkola et al, 1996;
Templeton et al, 2008). Itraconazole is eliminated
by CYP3A oxidation to hydroxyitraconazole and
N-desalkyl-itraconazole. After multiple doses,
40-50% of total CYP3A inhibition is attributed to
hydroxyitraconazole and N-desalkyl-itraconazole
(Ke et al, 2014). Some investigators recommended

Itraconazole as an alternative strong CYP3A inhibitor
for use in clinical studies, but noted that the other
investigators could suggest other CYP3A inhibitors
(Ke et al, 2014; Vermeer et al, 2016).

The pharmacokinetic characteristics of drugs
(including midazolam) are affected significantly by
Itraconazole (Olkkola et al, 1996; Isoherranen et al,
2004). The area under the curve (AUC) of midazolam
was increased by 1.45- or 1.44-fold after single or
repeated Itraconazole treatment in rats, respectively
(Sawada et al, 2002). Therefore, midazolam and
itraconazole can be used as a specific probe substrate
and inhibitor for CYP3A, respectively, to study
the effect of the CYP3A-enzyme specific inhibitor
itraconazole on the pharmacokinetics of midazolam
in Bactrian camels.

Materials and Methods

Experimental Camels

All study procedures and animal care
activities were conducted in accordance with the
Bioethics Committee of the College of Veterinary
Medicine in Inner Mongolia Agricultural University
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(12150000460029509N) and the Camel Protection
Association of Inner Mongolia (5115000050270530X9).
Ten 3-year-old healthy Bactrian camels (380-450 kg), 6
male and 4 female, were kept in a herd under ambient
conditions. All were from private farmer of West Alxa
in Inner Mongolia, China, and were considered to be
clinically healthy following a physical examination.
None of these experimental animals had received any
drugs for ~6 months before study commencement.
During the study, food was not allowed, water was
supplied ad libitum.

Drug administration

The camels were allocated randomly into 2
groups of 5 each according to weight and sex. Camels
in group 1 were given a single dose of Midazolam
(0.1 mg/kg, i.m.) only; camels in group 2 were given
a single dose of Itraconazole (0.1 mg/kg, i.m.) for
4 consecutive days and, 2 h after final injection,
administered a single dose of midazolam (0.1 mg/kg,
im.) again. 5 mL of blood samples were collected from
the jugular vein at 0, 5, 15, and 30 min as well as 1, 2, 4,
6,12, 24, and 36 h following drug administration. All of
experimental camels were returned back to the owner
when we finished sample collection. The midazolam
concentration in plasma was determined by HPLC-
UV detection. The pharmacokinetic parameters of
Midazolam were analysed using Phoenix WinNonLin
v7.0 (Certara, Saint Louis, MO, USA).

Sample analyses

A plasma sample (200 pL) was placed in a
1.5-mL Eppendorf tube, and 600 pL of acetonitrile
(Sigma-Aldrich, Saint Louis, MO, USA) added.
The mixture was vortex-mixed for 3 min, and then
centrifuged at 12000 x g for 10 min to precipitate
proteins. The supernatant was transferred to
a new 1.5-mL Eppendorf tube and evaporated to
dryness at 40°C under a low stream of nitrogen.
The residue was re-dissolved in 400 pL of 0.01 mol/
mL phosphate-buffered saline:acetonitrile (60:40
v/v) and passed through an organic membrane
microporous filter (0.22 pm). Then, 10 pL of the
filtrate was analysed immediately by HPLC using
a LC-2010 AHT system (Shimadzu, Kyoto, Japan)
fitted with a C18 column (4.6 mm x 150 mm, 5
pm, Sigma-Aldrich) with a UV detector (SPD-10A;
Shimadzu). The detection wavelength was 254 nm,
mobile phase was acetonitrile: phosphate-buffered
saline (40:60 v/v), flow rate was 0.5 mL/min, and
the column temperature was 30°C. The standard
curves for midazolam was linear from 0.19 to 25 pg/
mL and the lower limit of detection was 0.1pg/mL,
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the lower limit of quantification 0.19pg/mL. The
within-day and between-day variability measured for
low, medium and high concentrations of the quality
control samples were<2% and <7%, respectively.

Pharmacokinetic and data analyses

Non-compartmental analyses of the plasma
concentration-time data of midazolam were
undertaken for each camel using Phoenix WinNonLin
v7.0. Cpax was the maximum observed concentration
occurring at Tp,x (the time of the maximum
observed concentration). The maximum plasma
concentration (Cpax) and the time required to reach
Cmax (Tmax) were calculated directly from the data
by Phoenix WinNonLin v7.0. The elimination rate
constant was estimated by log-linear regression
of the concentrations observed during the linear
phase of elimination. The area under the plasma
concentration-time curve (AUC) was calculated by
the trapezoidal method with extrapolation to infinite
time. The AUCy_,, was the AUC from dosing time
extrapolated to infinity based on the final observed
concentration. The mean residence time (MRT)
was calculated by the linear trapezoidal rule with
extrapolation to infinity.

Statistical analyses

Data are the mean * standard deviation (SD).
Plasma concentration-time data are presented in
a semi-logarithmic graph. Single-factor analysis of
variance with repeated experiments was used to
evaluate data to account for the experimental design.
Significance was set at p<0.05. Prism v5.0 (GraphPad,
San Diego, CA, USA) was used for graph drawing.

Results and Discussion

The pharmacokinetic parameters of midazolam
in plasma following administration of a single
dose (0.1 mg/kg, i.m.) are given in table 1. Group 1
presentation of the pharmacokinetic parameters of
midazolam after administration (0.1 mg/kg) only,
whereas group 2 presentation of the pharmacokinetic
parameters of midazolam administration of (0.1
mg/kg) following administration for 4 consecutive
days of itraconazole (0.1 mg/kg). The mean plasma
concentration-time curves are shown in Fig 1.
Comparisons of the main pharmacokinetic parameters
for group 1 and group 2 are shown in Fig 2.

Fig 2 reveals the statistical analyses of the main
pharmacokinetic parameters of Midazolam in the
two groups. The main pharmacokinetic parameters
of Midazolam were influenced significantly by
the CYP3A enzyme specific inhibitor Itraconazole.
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Compared with group 1, the Ty, clearance (CL)
and Vd of Midazolam were decreased significantly
(p<0.05), whereas Cmax, AUC and Ty, were increased
significantly (p<0.05) in group 2. There was an
increasing trend of MRT in group 2, however, did not
reach a statistically significant level (p>0.05).

The Cpax of Midazolam in group 1 and group 2
was 0.62+0.12 pg/mL and 0.79+0.06 pg/mL at a Tpax
of 0.85+0.09 h and 0.54+0.06 h, respectively (Table 1).
The AUCy_y, half-life (Tv,), volume of distribution
(Vd) and MRT(_,, of Midazolam in group 1 and group
2 was 2.03£0.56 h.pg/mL, 2.50+0.07 h, 259.17+41.30
mL/kg, 3.7140.16 h, and 3.00+0.21 h.pg/mL, 3.67+0.23
h, 152.02+22.50 mL/kg, 4.60£0.52 h, respectively. The
main pharmacokinetic parameters of Midazolam
were influenced significantly by the CYP3A enzyme
specific inhibitor itraconazole. Compared with group
1, the Thay clearance (CL) and V4 of midazolam
were decreased significantly (p<0.05), whereas Cyqax,
AUC and Ty, were increased significantly (p<0.05) in
group 2.

Table 1. Pharmacokinetic parameters of midazolam after a
single intramuscular administration in camels (n = 5).

PK Unit Group 1 Group 2
Timax h 0.85+0.09 0.54+0.06*
Crnax pg/mL 0.62+0.12 0.79+0.06*

AUCqy_ h.pg/mL 1.47+0.34 2.16+0.15*
AUCy_, h.pg/mL 2.03+0.56 3.00£0.21*

Ty, h 2.50+0.07 3.67+0.23*

CL mL/h/kg 53.46+14.25 34.38+5.13*

V4 mL/kg 259.17+41.30 | 152.02422.50*

MRT¢ h 3.71£0.16 4.60+0.52*

Tmax time to reach the maximum plasma concentration; Cpax,
maximum plasma concentration; AUC_y, area under the curve
from the time of dosing to the final measurable (positive)
concentration; AUCp_,,, AUC from the time of dosing to the
time extrapolated to infinity based on the final observed
concentration; Ty, Terminal half-life; CL, Total body clearance
for extravascular administration; Vg4, apparent volume of
distribution; MRTy.t, mean residence time from the time of
dosing to the final measurable (positive) concentration. Data
are the arithmetic mean + SD. *indicate significant difference.
CYP enzymes are superfamily enzymes
responsible for metabolism of many endogenous
and exogenous substances and drugs. Among them,
CYP3A plays an important part in metabolism
of ~50% of drugs and its metabolic activity was
affected by many other drugs (Shirasaka et al, 2013;
Kanazawa et al, 2004). Itraconazole, a CYP3A enzyme-
specific inhibitor, can significantly influence the
pharmacokinetic profile of midazolam in different
animals (Vossen et al, 2007; Reves et al, 1983).
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Midazolam is a specific substrate of CYP3A
enzyme, and was completely eliminated through
biotransformation, the Ty, of midazolam is usually
1.5-3.5 h (Yu et al, 2004). The main metabolite is
a-hydroxy Midazolam. Itraconazole is a potent
specific inhibitor of CYP3A enzyme, and causes
significant drug-drug interactions if co-administered
with CYP3A substrates. To investigate the
activity of CYP3A enzyme in Bactrian camels, the
pharmacokinetic characteristics of Midazolam (a
CYP3A-specific substrate) in Bactrian camels were
studied. The main pharmacokinetic parameters of
Midazolam in two groups of camels were compared
and analysed to evaluate the inhibitory effect of
Itraconazole on CYP3A enzyme activity.

Schwartz and colleagues reported the
pharmacokinetic parameters of midazolam given
as a single dose of 0.2 mg/kg to dogs. The Cp,,y of
midazolam was 0.86+£0.36 pg/mL and 0.20+0.06
pg/mL following intravenous and intramuscular
administration, respectively; the T,y after
intramuscular administration was 7.8+2.4 min with
a bioavailability of 50 + 16% (Schwartz et al, 2013).
Simon and co-workers focused on Midazolam
use in sheep. Midazolam was distributed rapidly
and extensively, and eliminated rapidly following
administration (0.5 mg/kg, i.m). Also, the Vg4, Ty,
CL, and AUC of Midazolam were 838+330 mL/
kg, 0.79£0.44 h, 1272+310 mL/h/kg, and 423£143
h-ng/mL, respectively. In addition, the Cpax, Tmaxs
AUC were 820+268 ng/mL, 0.46+0.26 h, 1396+463
h-ng/mL, respectively. In the present study, the
pharmacokinetic parameters of midazolam in Bactrian
camels was similar to those of dogs and sheep, except

1 —-©— Groupl
= — Group?2
g
~
6B
2
=
S 017
g
€
ot
=
S
V)

0.01 T T 1
0 5 10 15
Time(h)

Fig 1. Semi-logarithmic plot of serum Midazolam concentration
vs time in two groups of Bactrian camels.
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Fig 2. Comparative analyses of the main pharmacokinetic parameters of MDZ in two groups of Bactrian camels.
The bar charts A, B, C, D, E and F indicate the comparison of Tiax, Crnaxs AUCq_t, T1s, CL and V4 on MDZ in group 1 and

group 2, respectively; *p<0.05.

that the Ty, and AUC of midazolam in Bactrian camels
were lower than those in sheep.

Compared with group 1, the Ty, Cmax, and
AUC_; of Midazolam in group 2 were increased
significantly (p<0.05) by 46.8%, 27.4%, and 46.9%,
respectively, whereas the Tp,,x, V4 and CL were
decreased significantly (p<0.05) by 36.5%, 41.3%
and 35.7%, respectively. These data showed that the
enzyme inhibitor itraconazole could inhibit CYP3A
activity significantly in Bactrian camels.

As expected, midazolam elimination was
decreased upon itraconazole administration. Hence,
our results suggest that inhibition of CYP3A enzyme
by the potent specific inhibitor of itraconazole resulted
in a substantial pharmacokinetic interaction with
midazolam. These data emphasise that it is through the
appropriate trial designs to evaluate the plausibility of
pharmacokinetic interactions in development of drugs
to treat diseases in Bactrian camels.

Therefore, the itraconazole, a specific inhibitor
of CYP3A enzyme, could inhibit the activity CYP3A
enzyme significantly and affect the pharmacokinetic
characteristics of Midazolam in Bactrian camels.
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News

DR GAHLOT WAS INVITED TO
INTERNATIONAL CAMEL CONFERENCE, CHINA

Dr. T.K. Gahlot, Editor, Journal of Camel Practice and Research was invited to People’s
Republic of China for attending 7" China Camel Industry Development Conference
(2019) organised by China Animal Husbandry Association, Co-Organised by Alxa League
Administrative Office and hosted by Ejina Banner, Alxa League, Inner Mongolia, China from
25 to 27 November 2019. He delivered a lead paper entitled, “Camel Surgery- an overview of
current and futuristic approaches and challenges”. Organisers have also requested Dr.Gahlot
to deliver a presentation on “Camel Science and Industry- An Overview” to the faculty and
students of Inner Mongolia Agricultural University, Hohhot, Inner Mongolia during this
visit. Delegates of the conference were also taken to Bactrian Camel Festival organised on
26™ November. The purpose of this conference was to promote the sustainable development
of camel science, industry and culture and accelerate the development and strengthen the
cooperation between the domestic and foreign scholars. Dr Gahlot was earlier invited to China
in 2017 alongwith two more faulty members.

NEW BOOK: HANDBOOK OF RESEARCH ON HEALTH AND
ENVIRONMENTAL BENEFITS OF CAMEL PRODUCTS

The new book entitled, “Handbook of Research on Health and Environmental Benefits
of Camel Products” is authored by Omar Amin Alhaj, Jordan, Bernard Faye, France and
Rajendra Prasad Agrawal, India. It is published in the United States of America by IGI
Global (ISSN: 2330-3271; eISSN: 2330-328X). The various chapter of book are contributed by
37 authors from 16 countries. This book has 17 chapters spread in 477 pages. Eleven chapters
are based on different facets of camel milk which are very interesting. These chapters describe
camel milk composition and nutritional value, strategies and technologies for camel milk
preservation, microbial aspect of lactic acid bacteria isolated from camel milk, manufacture of
dairy and non-dairy camel milk products, manufacture and challenges of camel milk cheese,
exploring potential therapeutic properties of camel milk, health-improving and disease-
preventing potential of camel milk against chronic diseases and autism: camel milk and
chronic diseases, potential anti-diabetic effect of camel milk, effects of industrial processing
methods on camel milk composition, nutritional value, and health properties, camel
colostrums composition, nutritional value, and nutraceuticals and camel milk disguised
cosmeceutical. Chapters also contain information about the recent introduction of the CHY-
Max-M1000®,0n market solved the problem of clotting. Obtained by genetic engineering, this
camel rennet allows high cheese yield. Scientists from India have investigated and assessed
the effect of regular camel milk consumption on glycaemic status of diabetic patients and
animal models. All the experiments’” results concluded to the reduction of blood glucose
and glycosylated haemoglobin. One chapter is based on Interaction between camel farming
and environment. Chinese authors have contributed one chapter on camel hair structure,
properties, and commercial products. The chapter on camel meat is contributed by a group
of scientists from Oman and Sudan led by Isam Tawfik Kadim. The scientists from Saudi
Arabia and Malaysia have contributed a chapter on camel gelatin composition, properties,
production, and applications. This chapter discusses the processing of camel gelatin
extraction. Gelatine has an ability to form a thermo reversible gel at normal body temperature
and high water content make it an exceptional food ingredient.
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HISTOLOGY OF ATRIOVENTRICULAR NODE
AND ATRIOVENTRICULAR BUNDLE IN THE
DROMEDARY CAMEL FOETUS
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ABSTRACT

Atrioventricular node (AVN) and Atrioventricular bundle (AVB) development in the camel heart was studied
during the 1%, 24 and 3™ trimesters of gestation using histological techniques. Thirty hearts of camel foetuses were
used in this study. Specimens were collected from Tamboul and Al-Salam slaughterhouses, Sudan. The samples
were prepared by routine histological procedures and stained by the general histological stain (H&E) and some other
special stains. AVN was found close to the atrioventricular opening in the 1% trimester and close to the opening of
the coronary sinus in the 2" and 3™ trimesters. It generally appeared as a group of large-sized and lightly stained
cardiac muscle cells. AVB was embedded in myocardium in the 2™ trimester as a bundle of lightly stained fibres
either located between the endocardium and myocardium or within the myocardium; in the early stages of the 3rd
trimester they appeared as groups of fibres which were covered by connective tissue between the endocardium and
myocardium. It was concluded that the AVN and AVB showed very important histological developmental changes

throughout the 3 gestational stages.

Key words: Atrioventricular bundle, atrioventricular node, camel, foetus, histology

Atrioventricular node is in contact with atrial
myocardium. The bundle of His penetrates the right
fibrous trigone, then divides into two specialised
ventricular branches (right and left), which are also
surrounded by a fibrous sheath that separates the
specialised myocytes from the ordinary myocardium.

The anatomy and histology of the
atrioventricular bundle (AVB) and sinus node was
studied in the heart of the dromedary camel (Ghazi
and Tadjalli, 1993; 1996). They stated that the trunk
of the atrioventricular bundle (Bundle of His) was
a direct continuation of the atrioventricular (AV)
node with no sharp line of demarcation between the
node and the bundle. The atrioventricular bundle ran
through the fibrous trigone and entered the lower
part of the interventricular membranous septum
beneath the right endocardium. They then lay over
or slightly to the side of the centre of the muscular
interventricular crest.

Histologically, the AVB in the heart of camels
comprised multiple strands of Purkinje cells separated
by collagen fibres and surrounded by connective
tissue. It resembled that in humans and dogs except

that, in camels, intercalated discs were present at
the intercellular connections in the AVB (Ghazi and
Tadjalli, 1996).

The development of the atrioventricular bundle
(AVB) and ventricular Purkinje system and their
innervation has been studied in sheep foetuses from
27 to 140 days of gestation (Canale et al, 1987).

Morphological developmental changes in the
dromedary camel heart foetus have recently been
studied (Marwa-Babiker et al, 2015; 2016a,b; 2017).
However, the reviewed literature lacks investigation
on the development of AVN and AVB in dromedary
camels. The present work was therefore aimed to
investigate the development of AVN and AVB of the
camel heart during the 15t 2" and 3™ trimesters of
gestation using histological techniques.

Materials and Methods

Thirty hearts of camel foetuses obtained from
Al-Salam and Tamboul slaughter houses, Sudan, were
used in this study. Depending on the age, the foetuses
were divided into 3 equal groups: 1% trimester 0.1-23.5
cm CVRL (65-130 days), 2™ trimester 24-71 cm CVRL
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(131-260 days) and 3" trimester 71.5-132 cm CVRL
(261-426 days). The age of foetus was determined by
using the equation of Crown Vertebral-Rump Length
(CVRL) GA= (CVRL+23.99)/0.366] GA (Gestational
Age) in days as described by Elwishy et al (1981).

The histological samples which were fixed in
10% buffered formalin included the entire hearts
from the 1% and early 2" trimesters and 1cm® thick
specimens from the late 2" and 3™ trimesters.

Specimens were taken from atrioventricular
node and atrioventricular bundle and were prepared
for routine histological procedures (Bancroft and
Stevens, 2008). General histological stains (H&E)
and some special stains including Van Geison’s and
Masson’s Trichrome for collagenous fibres, Verhoff’s
and Gomori’s Aldehyde fuchsin for elastic fibres,
Gordon and Sweet for reticular fibres were used in
this study (Bancroft and Stevens, 2008).

Results and Discussion

The atrioventricular node (AVN) was 1°
observed at the stage of 13 cm CVRL (101 days of
gestation) as a group of large-sized and lightly stained
cardiac muscle cells which were located between
the right atrium and right ventricle (Figs 1 A and
B). The node was close to the right atrioventricular
opening and it was surrounded by an accumulation
of fibroblasts and separated from the surrounding
ordinary cardiac muscles by a loose connective tissue
which contained reticular fibres (Fig 1 B). The cells
possessed large, oval or spherical, centrally located
nuclei and they were located in rich connective tissue.
In one section at this stage (17 cm CVRL; 112 days of
gestation) the AVN appeared as scattered 3 groups of
cells separated from each other by connective tissue
rich in fibroblasts (Fig 2).

At the early stage of the trimester 38 cm
CVRL (169 days of gestation), the AVN consisted of
a group of spherical cells which had oval and central
nuclei. These cells were surrounded by cardiac muscle
fibres which were followed by connective tissue
formed mainly of elastic fibres (Fig 3, A and B). At
the late stage of the 2" trimester the AVN appeared
as a group of cells with the same structure but they
were embedded in rich amounts of connective tissue
(Fig 4 A and B).

The atrioventricular Bundle (AVB) appeared at
the stage of 61 cm CVRL (232 days of gestation) as a
bundle of lightly stained fibres that were embedded
in the myocardium (Fig 5, A). At the stage of 68 cm
CVRL (251 days of gestation) AVB was in the form of
a group of lightly stained fibres which were covered

2nd
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by connective tissue. The fibres were spherical or oval
and they had spherical and central nuclei and their
cytoplasm was dark peripherally and light centrally
and it had clear striation (Fig 5 B and C).

At the early stages of the 3" trimester 76 cm
CVRL, 273 days of gestation AVN consisted of a
group of dark stained cells (modified cardiac muscle
cells). These cells had oval and central nuclei and
were surrounded by connective tissue that consisted
of a large amount of fibroblasts followed by cardiac
muscle fibres (Fig 6 A and B). At the middle and late
stages of the 3rd trimester, AVN was embedded in
connective tissue containing large amounts of adipose
tissue (Fig 7 A, B and C).

At the early stages of the 3™ trimester of
gestation represented by 76 cm CVRL (273 days
of gestation), AVB appeared as groups of fibres
which were covered by connective tissue between
the endocardium and myocardium. The fibres nuclei
were lightly stained centrally and darkly stained
peripherally (Fig 8 A). They were also observed as
bundles of lightly stained fibres with spindle shaped
and oval pale nuclei in the epicardium and between
the myocardial muscles (Fig 8 B).

At 89 cm CVRL (309 days of gestation) and 91
cm CVRL (314 days of gestation) AVB appeared as
bundles of spindle shaped fibres with oval central
nuclei. The bundles were separated by connective
tissue (Fig 9). At the stage of 97 cm CVRL (331
days of gestation), the AVB appeared as bundles
of fibres between the myocardial muscles near the
endocardium (Figs 10 A, B and C). They had a light
cytoplasm and pale central nuclei and were either
separated from the myocardium by loose connective
tissue or directly attached to it. AVB fibres at this
stage possessed clear striation (Fig 10 C).

Anatomists who seek to demonstrate the
location of the components of cardiac conduction
system must be contented with the fact that the
components of the system cannot be distinguished
from the working myocardial elements by gross
dissection (Anderson et al, 2009). It has been stated
that AVB and lower nodal cells were derived
from ventricular myocardium (Aanhaanen et al,
2010). According to Virdagh and Challice (1977)
AVN originated from the cells at the distal end
of specialised tissue and proliferated into the
loose mesenchyme of the dorsal AV cushion. The
proliferation took place proximal to the developing
interventricular septum with which the specialised
inner layer of the AV canal was interconnected. The
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Fig1. A: A photomicrograph showing atrioventricular node
(AVN) of 13 cm CVRL camel foetus surrounded by a
large amount of connective tissue, F, fibroblasts, RA, right
atrium, RV, right ventricle, RAVO, right atrioventricular
opining. H&E (X4). B: A photomicrograph showing
reticular fibres (arrowheads), surrounding AVN (arrow).
Gordon and Sweet stain (X10).

AVN of 38 cm CVRL camel foetus close to cardiac muscle

(M), surrounded by connective tissue (CT) and situated
close to the right atrioventricular valve (RAV). Aldehyde
fuchsin (X10). B: The same section in A showing a few
amount of reticular fibres (arrows). Gordon and Sweet
(X40).

A sl A 4 |BErt

wheads)
of 17 cm CVRL camel foetus, connective tissue CT,
myocardium M. H&E (X10).

" B sy . ;
Fig 4. A: A photomicrograph showing AVN of 71 cm CVRL
camel foetus, near to the cardiac muscle (M), surrounded
by a large amount of connective tissue (CT). H&E (X4).
B: a magnification of the rectangle in A (X40).

Fig 5. A: A photomicrograph showing atr

ioventricular bundle (AVB) of 61 cm CVRL camel foetus embedded in cardiac muscle (M).

H&E (X10). B: AVB embedded in myocardium of 68 cm CVRL. H&E (X10). C: magnification of the rectangle in B showing
the cytoplasm of AVB fibres as light centrally and dark peripherally (X40).

AVN and AVB originate as separate structures that
united together very early in foetal development
(James, 1970). This is generally in accordance with the
current study in which the AVN was observed early
at the 1°" trimester of gestation located between the
right atrium and right ventricle close to the opening
of coronary sinus and the AVB appeared in the 2"
trimester as a bundle of lightly stained fibres in the
myocardium. However, unusually, in one section at
(17 cm CVRL; 112 days of gestation) AVN appeared
as scattered 3 groups of cells separated from each
other by connective tissue rich in fibroblasts.

Journal of Camel Practice and Research

As mentioned by Virdgh and Challice (1977)
who studied the histogenesis of the AVN and AVB
in mouse embryos, in younger embryos the inner
cell layer of the dorsal wall of the AV canal formed
a specialised interconnecting tissue between the
atrial and ventricular muscles. In this study, AVN
was also observed close to the right atrioventricular
opening and it was surrounded by an accumulation
of fibroblasts and separated from the surrounding
ordinary cardiac muscles by loose connective tissue
containing reticular fibres. The primordia of AVN and
AVB of 11- and 12-days mouse embryo according to

December 2019/ 269



(AVN) of a camel foetus at 76 cm CVRL. It is located
between ordinary cardiac muscles (OCM) surrounded by
connective tissue (CT). H&E (X10). B: is a magnification
of a rectangle in (A) showing AVN cells (X40).

r?- B0 (el 2, JEL G OTL U t& "":}'E f‘f ‘Ex‘..- .

Fig7. A: A photomicrograph showing atrioventricular node
(AVN) in camel foetus at 89 cm CVRL. It is surrounded by
connective tissue (CT) separating the node from coronary
sinus (CS). Van Gieson'’s. (X10). B: magnification of the
rectangle in A showing AVN (X40). C: A photomicrograph
showing atrioventricular node (arrow) near the ordinary
cardiac muscle OCM and coronary sinus (CS) in camel
foetus at 92 cm CVRL. Verhoff’s (X10).

Fig 8. A: A photomicrograph showing the atrioventricular
bundle (AVB) (arrow) at 76 cm CVRL camel foetus. It is
located between endocardium and myocardium. H and
E (X10). B: 79.5 cm CVRL camel foetus showing AVB
(arrows) between endocardium and myocardium and in
between ordinary cardiac muscles (OCM). H&E (X10).

‘. . 9. 1L At y N Lo s L0

Fig 9. A photomicrograph of 91 cm CVRL camel foetus showing
atrioventricular bundle AVB, (arrows) located between
endocardium (arrowhead) and myocardium (M). H&E
(X10).

Virdgh and Challice (1977) were interconnected with
the ventricular trabeculae and were in contact with
the myocardium of the interventricular septum. In
the 12-days embryos blood capillaries and connective
tissue cells began to isolate the primordium of
the conducting system from the force producing
myocardium.

Arguello et al (1988) studied the development of
the AVN and AVB of embryonic chick hearts by using
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the myocardial fibres or beneath endocardium (arrowheads). H&E (X10). C: showing AVB (arrow) with striation. Gordon
and Sweet (X40).

electrophysiological and morphological techniques.
They claimed that the earliest identification of the
AVN and upper AVB group of cells was achieved
at 5-6 days of development and the earlier AVN and
AVB responses had similar characteristics to those
of the adult heart. They concluded that the AVN
and upper AVB cells were derived from the low
interatrial septum and the possibility that AV canal
cells contribute to this event was discarded.
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Nabipour (2004) stated that in the guinea pig
the cells of the AVB appeared to be organised into
fascicles separated by fine fibrous septa and the
majority of them were ovoid in shape with light
cytoplasm and central nuclei. He also described
intercalated discs at the AVN intercellular junctions.
This study agreed with the previous study regarding
the shape and organisation of AVB but disagreed with
it regarding the presence of intercalated discs at the
AVN intercellular junctions.

In the persent study, no ganglia were seen
associated with the AVB. This was in agreement with
the findings of Nabipour (2004) in the guinea pig who
stated that the innervation of AVB was poor and no
ganglia were present within or around the AVB and
its branches.

Nabipour and Shahabodini (2007) studied the
histological structure of the AVN and AVB in 4
months-old ovine foetuses. They reported that the
AVN was caudally located and adjacent to the root
of the aorta and it was almost spherical in shape
and consisted of spiral cells. The node was mainly
composed of perinuclear clear zone cells (P cells). In
contrast, in the early stages of the 3™ trimester in this
study, the AVN consisted of a group of darkly stained
cells with oval and central nuclei. These cells were
surrounded by connective tissue that consisted of a
large amount of fibroblasts.

The AVB was a direct continuation of the AVN
and passed through the fibrous ring toward the apex
of the interventricular septum where the right branch
of the bundle was detached. The cells of the AVB were
wider, shorter and lighter than normal myocardial
cells. Some of the bundle cells had been changed
to Purkinje cells, whereas some others remained
unchanged (Nabipour and Shahabodini, 2007). In
this study the AVB appeared in the 2" trimester as a
bundle of lightly stained fibres that were embedded in
the myocardium, or as fibres lightly stained centrally
and darkly stained peripherally with clear peripheral
striations. In the 3™ trimester the bundles consisted
of lightly stained fibres with spindle-shaped and oval
pale nuclei which were located in the subendocardial
region and between the myocardial fibres, or
separated from the myocardium by loose connective
tissue or directly attached to it.
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News

SOUTH AUSTRALIA TO CULL 10,000 CAMELS

Thousands of camels in South Australia will be shot dead from helicopters as a result of extreme
heat and drought. The marksmen who will shoot the animals come from Australia's department for
environment and water. A five-day cull started on Wednesday, as Aboriginal communities in the
region have reported large groups of camels damaging towns and buildings. Some complain that they
are roaming the streets looking for water and we are worried about the safety of the young children
and others say that we have been stuck in stinking hot and uncomfortable conditions, feeling unwell,
because all the camels are coming in and knocking down fences, getting in around the houses and
trying to get water through air-conditioners. The slaughter will take place in the area of Anangu
Pitjantjatjara Yankunytjatjara (APY) - a sparsely-populated part of South Australia which is home to
a number of indigenous groups. Some feral horses will also be killed. The camel cull is not directly
linked to the fires crisis but owing to ongoing dry conditions and the large camel congregations
threatening all of the main APY communities and infrastructure, immediate camel control was needed.

SIX NEW SAUDI MERS CASES AS STUDY SHOWS
VIRUS INFECTING BACTRIAN CAMELS

Saudi Arabia's Ministry of Health (MOH) announced 6 new MERS-CoV cases over the past 3
days, including 3 in Riyadh and 3 fatalities, and in a new research development, experimental infection
tests on Bactrian camels found that they are susceptible to the virus.

To explore susceptibility in Bactrian camels, a research team based at the National Institute
of Allergy and Infectious Diseases (NIAID), Rocky Mountain Laboratories in Hamilton, Montana,
experimentally infected two male camels that were housed in an animal biosafety level 3 facility. They
reported their findings on May 23 in Emerging Microbes and Infection.

After intranasal inoculation with MERS-CoV, the investigators collected nasal swabs from both
animals on the first 5 day after inoculation, and from one of the camels at weekly intervals through
the 28th day after inoculation. Both camels were euthanised, one 5 days after and one 28 days after
inoculation, and the researchers examined and tested their tissues.

The animals developed mainly an upper respiratory illness, and though clinical signs were
benign, the Bactrian camels shed large quantities of MERS-CoV, similar to what scientists have
observed with dromedary camels, suggesting that the Bactrians are susceptible to the virus. Moreover,
the virus shedding kinetics of MERS-CoV in Bactrian camels was virtually identical to previous
experimental studies in dromedary camels.

(CIDRAP News | May 28, 2019)

EVIDENCE OF PESTE DES PETITS RUMINANTS’” VIRUS IN
DROMEDARY CAMELS IN THE KINGDOM OF SAUDI ARABIA

Infection with the Peste des petits ruminants virus (PPRV) is a highly devastating viral infection
of small ruminants. Dromedary camels live in close proximity of small ruminants in Arabian Peninsula
(AP) and many other regions in the world. Little is known about the reasons behind continuous PPRV
emergence in Saudi Arabia (KSA). Some dromedary camel population were tested across the kingdom
for the presence of specific PPRV antibodies. Our results showed detection of specific PPRV antibodies
(2.92%) in sera of tested dromedary camels from the eastern and south regions of the KSA. Results
suggested the exposure of dromedary camels to PPRV infection. Thus, dromedary camels may play
some important roles in the sustainability of PPRV in the small ruminants across the AP.

(Veterinary Medicine International, Volume 2019, Article ID 4756404, 4 pages)
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MULTIPLE SPLENIC ABSCESSATIONS
IN A CAMEL: CASE REPORT
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ABSTRACT

This report describes the clinical, haematobiochemical, ultrasonographic and pathologic findings in a male
Arabian camel with multiple splenic abscesses. The camel had a history of 15 days decreased appetite, weight loss and
complete absence of faeces. On admission, the camel was dull and depressed, and the abdomen was mildly distended.
Rectal examination revealed clean rectum and only mucous was found. Haematobiochemical abnormalities included
neutrophilic leukocytosis and hyperproteinemia. Transcutaneous abdominal ultrasonography revealed distended
intestines without observable gut movement. Spleen was imaged in the caudal left flank where multiple anechoic
splenic masses, initially thought to be abscesses or tumours, were imaged. Transcutaneous aspiration of the masses
revealed thick yellowish pus. The camel was hospitalised and scheduled for abdominal exploration and splenectomy
but unfortunately, it collapsed next morning. Postmortem examination showed distended intestines but with no external
or internal obstructing causes. No volvulous or intussusception was detected. The most important finding was the
enlarged spleen with multiple abscesses containing thick yellowish pus. The spleen was also adhered intensively to first
gastric compartment and large intestines. In the present case, clinical diagnosis was based on ultrasound examination
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with ultrasound-guided aspiration. It is a rare report on multifocal splenic abscessation in dromedary camels.

Key words: Abscess, camel, spleen, ultrasonography

Splenic abscesses as well as splenomegaly are
the primary causes in cattle for splenic and carcass
condemnations in abattoirs (Jajaa et al, 2018). In
cattle, traumatic reticuloperitonitis caused by
penetrating foreign body is the primary cause for
splenic abscessation (Radostits et al, 2010). However,
in horses, splenic abscesses are uncommon (Spier ef
al, 1986; Dart et al, 1987; Steel et al, 1998). Similarly,
splenic abscesses are very rare in dogs, cats and
humans (Chang et al, 2006; Richter, 2012; Abdellatif
et al, 2014).

Splenic abscesses are more likely occurring
secondary to conditions that compromise the spleen,
such as splenic torsion and thrombosis (Tillson,
2003). An additional predisposing factor is abdominal
trauma, and splenic abscess has been reported to
develop weeks after the trauma event (Chun et al,
1980).

This report describes the clinical, hematobio-
chemical, ultrasonographic and pathologic findings in
a male Arabian camel with multiple splenic abscesses.

Materials and Methods

A male Arabian camel was presented at the
Veterinary Teaching Hospital, Qassim University,

Saudi Arabia, with a history of decreased appetite,
weight loss and complete absence of faeces. The camel
was treated previously by different veterinarians with
mineral oils, nerve and muscle tonics for possible
obstruction in gastro-intestinal obstruction but with
no improvement. Camel underwent a thorough
clinical examination.

A complete blood count was carried out
through VetScan HMS5, Abaxis, California, USA.
An automated biochemical analyser (VetScan VS2,
Abaxis, California, USA) was used to determine
the serum concentrations of total protein, albumin,
globulin, calcium, creatine kinase (CK), aspartate
aminotransferase (AST), and y-glutamyl transferase
(GGT).

Ultrasonographic examination was carried
out in sternal recumbency using a 3.5 MHz sector
transducer (5SD-500, Aloka, Tokyo, Japan). The
camel was sedated using xylazine 2% (0.3 mg/kg
BW 1V, Alcomed, Holland). Hairs were clipped
and shaved on both sides of the abdomen from the
dorsal midline to linea alba. After the application of
transmission gel to the transducer, the camel was
examined starting from the caudal abdomen and
extending forward on both sides of the abdomen. The

SEND REPRINT REQUEST TO MOHAMED THARWAT email: mohamedtharwat129@gmail.com

Journal of Camel Practice and Research

December 2019/ 273



abdominal viscera including the compartment 1, 2, 3,
peritoneum, small and large intestines, kidneys and
spleen were imaged (Tharwat ef al, 2012a,b,c; Tharwat
et al, 2013; 2018a,b). The camel collapsed 12h after
admission and thorough postmortem examination
was then carried out.

Results

On clinical examination the camel was dull and
depressed, and the abdomen was mildly distended
(Fig 1). Rectal examination revealed mucous in the
rectum.

Haematological examination revealed
haematocrit 24.9% (reference range 28.9+2.7%),
RBCs 10.34x10°/ uL. (reference range 11.3+1.4x10°%/
uL), haemoglobin 15.9 g/dL (reference range
16.0+2.3 g/dL), MCV 24 fl (reference range 25.5+1.5
fl), MCH 15.2 pg (reference range 14.7+2.4 pg),
MCHC 63.8 g/dL (reference range 57.6+9.0 g/dL),

Fig1. A male dromedary camel with splenic abscessation
showed dullness, depression and complete absence of
faeces for the past 15 days.

Fig 2. Ultrasonographic findings in a male camel with splenic
abscesses. Images were taken from the left caudal flank
showing multiple anechoic masses within the splenic
parenchyma. C1; compartment 1.
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white blood cell count 46570/ pL (reference range
16.9+2.7x10°/L), neutrophils 42950 /puL (reference
range 9.8+3.0x109/L), and glmphocytes 2700 /pL
(reference range 5.9+2.4x10°/L). Blood chemistry
profile showed total protein 9.4 g/dL (reference
range 7.9+0.4 g/dL), albumin 4.6 g/dL (reference
range 4.2+0.4 g/dL), globulin 4.8 g/dL (reference
range 3.7+0.5 g/dL), CK 413 U/L (reference range
139+£22 U/L), calcium 10.4 mg/dL (reference range
8.6£0.7 mg/dL), AST 272 U/L (reference range 69+44
U/L), GGT 149 U/L (reference range 12+5.0 U/L).
Reference haematological and serum chemistry
values were taken from Tharwat et al (2013) and
Tharwat (2015).

Transcutaneous abdominal ultrasonographic
examination showed distended intestines (right
lower abdomen) with no observable gut movement.
Spleen was imaged in the caudal left flank where
multiple anechoic splenic nodules were detected (Fig
2). Splenic nodules were thought to be abscesses or
tumours. Transcutaneous aspiration of the masses
using a 14 gauge 15 cm length needle revealed thick
yellowish pus.

Postmortem examination showed enlarged
spleen with multiple abscesses containing thick
yellowish pus (Fig 3). The spleen was also adhered
intensively to the impacted compartment 1 and large
intestines.

Discussion

Reports of splenic abscesses are very rare in the
veterinary literature. In humans, splenic abscesses are
uncommon with a reported frequency of 0.14- 0.7% in
post-mortem studies (Chun et al, 1980). However, this
uncommon disease has been recently reported more
frequently because of advances in imaging modalities

Fig 3. Post mortem findings revealed multifocal splenic
abscesses which contained thick pus.
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and increasing numbers of immunocompromised and
cancer patients (Chang et al, 2006).

Clinical signs in the camel were observed 15
days earlier, and included depression, decreased
appetite, weight loss, mild abdominal distension
and complete absence of faeces. Fever, anorexia, and
lethargy were observed in a dog with splenic abscess
and septic peritonitis (Abdellatif et al, 2014); while
in a horse the clinical signs observed were lethargy,
weight loss and intermittent pyrexia and animal was
treated successfully (Steel et al, 1998).

The blood picture and serum chemistry panel
in the present case provided little aid in obtaining a
diagnosis of splenic abscesses. Leukocytosis, as found
in our case, is the most frequently observed laboratory
finding in patients with splenic abscess (Faught et al,
1989; Kumar et al, 2011).

The clinical presentation of splenic abscess is
nonspecific (Chun et al, 1980). The vague symptoms
of this disease make diagnostic imaging studies very
useful (Chiang et al, 2003). Splenic ultrasonography
of the present case report showed multiple anechoic
masses suggestive of abscesses or tumours.
Lymphosarcoma or haematomas have a similar
ultrasonographic appearance in horses (Spier et al,
1986; Chaffin et al, 1992).
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ABSTRACT

The objective of this study was to investigate the incidence of ovarian tumours in camels and to identify their
common types. A total of 500 non-pregnant dromedary camels” ovaries aged between 6-15 years old were collected
from Giza abattoirs during the period of January 2016 to January 2018 and were examined for the presence of any
neoplasm. Tissue specimens were taken from all of the collected ovaries for histopathological examination. A total
of 34 (6.8%) camels were found with neoplastic lesions included; papillary cystadenoma (0.6%), fibroadenoma (0.2%),
granulosa cell tumour (1.2 %), luteoma (0.8%), thecoma and luteinised thecoma (0.4 %), fibrothecoma (0.4 %), teratoma
(2%), fibroma (1.6%), cavernous haemangioma (0.4%) and mixed tumours (0.6%). In conclusion, teratoma was the
most common type of ovarian tumour followed by granulosa cell tumour, luteoma, fibroma, cavernous haemangioma,
fibrothecoma, thecoma and luteinised thecoma, while fibroadenoma was the least observed neoplasm.

Key words: Dromedary camel, histopathology, neoplasms, ovary

The ovaries in dromedary camels are paired
sex glands or gonads in female and are important
organs concerned with germ cell maturation, storage
and its release. The ovaries are also concerned
with steroidogenesis which is very rigorous for
normal ovarian processes, such as follicle growth,
maturation of oocyte, and ovulation. In contrast,
altered steroidogenesis as a result of any neoplastic
reaction can lead to profound ovarian pathology.
Ovarian tumours are a group of neoplasms affecting
the ovary and having a diverse spectrum of features
according to the particular tumour entity. Ovarian
tumours are subdivided into three main categories;
epithelial tumours, sex cord stromal tumours and
germ cell tumours (Moulton, 1978; Kennedy et al,
1998). Teratomas considered the most reported type
of ovarian tumours (Tibary and Anouassi, 2000).
Dysgerminoma has been reported, but it is extremely
rare (El-Khouly et al, 1990). Granulosa cell tumours
(GCTs) were also recognised in camel (Ali et al,
2013). Hence, the purpose of the present study was
to findout prevalence, types and histopathological
details of ovarian neoplasms.

Materials and Methods

Examination procedures and sampling

The ovaries of 500 adult non-pregnant she-
camels aged between 6- 15 years old slaughtered in
different abattoirs in Egypt (El-Monib, Kerdasa and

El-basateen) were collected during the period from
January 2016 to January 2018 and examined. Previous
reproductive history of these slaughtered animals was
not available. Thorough macroscopic examination
was carried out to all of the collected ovaries and any
abnormal swelling was recorded.

Histopathological examination

Part of each ovarian tissue as well as any
suspected neoplastic swelling was fixed in 10%
buffered neutral formalin for histopathological
examination. A routine processing for the formalin
fixed specimens was carried out. Sections of 3pm
thickness were stained with haematoxylin and eosin
(H&E) according to Bancroft and Gamble (2008). The
obtained sections were examined using electric light
microscope, Olympus BH2 (Tokyo, Japan). Special
stains were used i.e., Massons” Trichrome and Von
Kossa stains where ever required (Bancroft and
Gamble, 2008).

Results and Discussion

The overall incidence of ovarian tumours
observed in she-camels was (34/500; 6.8 %) (Table 1).
The most prevalent neoplasm was teratoma and the
least observed one was adenofibroma (Fig 1).

Gross and histopathological findings:
According to the histopathological criteria,
ovarian tumours were classified into 4 broad
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categories, i.e. surface epithelial tumours, sex cord-
stromal tumours, tumours of germ cells and tumours
developed from non-gonadal supporting tissue of
the ovary (mesenchymal and mixed tumours) (Table
1).

Papillary cystadenoma

Unilateral papillary cystadenoma was
diagnosed microscopically in ovaries of 3 camels
(0.6%), grossly one of them had small ovoid mass
with cystic appearance on cut section, while the
other showed the usual irregular appearance of
the ovary. However, the 3" one was accompanied
with fibroma and teratoma. It was characterised by
presence of papillary protrusions extended from the
ovarian surface into the lumen; those protrusions
were covered by low cuboidal to columnar ciliated
epithelium, with stratification in some areas (Fig 2a),
rested on vascular fibrous stroma. Adenomatous
arrangement with cyst formation was a conspicuous
finding (Fig 2b). Focal areas of calcification were
noticed in one case of mucinous type.

Fibroadenoma

It was observed in one case (0.2%) and
was detected only on microscopic examination.
The neoplastic mass was composed of glandular

structures of variable shapes and sizes surrounded
by proliferated fibrous stroma that stained positively
with Massons” Trichrome stain (Fig 2c).

Granulosa cell tumour

It was observed in 6 cases (1.2%). Grossly,
unilateral swellings were observed in the affected
ovaries, 4 of which were on the right and 2 were on
the left ovary. The largest tumour mass measured
was 5.8 cm in lengthx 3.1 cm in width (Fig 2d), while
the smallest one was 2.6 cm in length and 1.6 cm in
width. The cut section of the neoplastic masses in 2
cases appeared cystic. Microscopically, the neoplastic
mass consisted of marked proliferation of granulosa
cells that appeared with scant cytoplasm, round to
oval hyperchromatic nuclei and irregular nuclear
contour. Mitotic figures were common finding in
one case. The neoplastic cells attempted to mimic the
normal Graafian follicles but with variable histological
arrangements, either as single or multiple rows of
round to columnar cells lining fluid filled spaces.
Sometimes, they tended to form nests with cystic
Call-Exner bodies which appeared gland-like or
rosette patterns of abortive follicles, few of which
contained secretory globule resembling an ovum
(Fig 2e). Juvenile type of granulosa cell tumour (Fig
2f) was observed in two cases, it was characterised

Table 1. The types and percentage of the detected ovarian tumours of camels.

Type of ovarian tumour Number of lesions ex;);:‘icrf:c;acgaesgo(g;)m nei?f:;:?%i:::r(l; 4)
Surface epithelial tumour

Papillary cystadenoma 3 0.6% 8.88%
Fibroadenoma 1 0.2% 2.94%

Sex cord stromal tumour (SCST)

Granulosa cell tumour 6 1.2% 17.64%
Luteoma 4 0.8% 11.76%
Typical thecoma and Luteinised thecoma 2 0.4% 5.88%
Ovarian fibrothecoma 2 0.4% 5..88%

Germ cell tumour

Opvarian teratoma 10 2% 29.41%
Mesenchymal tumour

Opvarian fibroma 1.6% 23.52%
Ovarian haemangioma 0.4% 5.88 %
Mixed tumour

Papillary cystadenoma, fibroma and teratoma 0.2% 2.94%
Fibroma and granulosea cell tumour. 2 0.4% 5.88%
Total number of lesions 41 8.2 120.58%
Total number of cases 34 6.8 100%

N.B: more than one lesion may be found in one case
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Papillary cystadenoma
Adenofibroma
Granulosa cell tumour
Thecoma and Luteinised thecoma
Fibroadenoma
Luteoma
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Mixed tumours (p+f+t)
Mixed tumours (g+f)

Percentage of each ovarian tumour from total neoplastic cases

10 15 20 25 30 35

Per cent

Fig 1. The percentage of each ovarian tumour in relation to the other detected ones (p: papillary
cystadenoma, f: fibroma, t:teratoma, g:granulosa cell tumour).

by appearance of diffuse or macrofollicular patterns
(Fig 3a) with microcysts formation containing
eosinophilic secretions, where tumour cells either
had scant cytoplasm or were luteinised. Two cases
were accompanied by fibroma.

Owvarian luteoma

It was observed in 4 ovaries (0.8%). Stromal
luteomas appeared unilateral, well circumscribed
solid masses, and gray-white or a bit yellowish, about
1-3 cm in diameter (Fig 3b). Histologically, it consisted
of sharply circumscribed round masses of polygonal
cells with vacuolar cytoplasm (granulosa lutein cells)
(Fig 3c), round vesicular nuclei, variably prominent
nucleoli with mild nuclear atypia. In 1 case the
neoplastic cells showed marked pleomorphism and
cellular atypia (Fig 3d). An increased vascularisation
was apparent with presence of newly formed blood
capillaries and haemolysed blood. Areas of cellular
degeneration and necrosis were apparent.

Typical thecoma and luteinised thecoma

It was observed in 2 cases (0.4%). The tumour
appeared small having a firm encapsulated mass
1-2 cm in diameter which was yellowish on cut
section. Microscopically, Thecoma composed of
spindle cells with oval or spindle nuclei and abundant
pale vacuolated cytoplasm, while luteinised thecoma,
revealed nests of lutein cells on a background of
spindle cells (Figs 3e and f).

Fibrothecoma

It was noticed in 2 cases (0.4%), the tumour
mass was unilateral solid, mostly rounded and

Journal of Camel Practice and Research

surrounded by thick firm consistent wall with a size
of 1cm in diameter. Microscopically, the tumour
mass showed hypercellularity with an obvious two
cellular patterns (Fig 4a); one belongs to fibroma
that consisted of spindle-shaped cells with elongated
nuclei in a fibro-collagenous stroma, while the other
was for thecoma and was composed of round to
oval and spindle shaped cells without any features
of atypia or myxoid change. No mitotic figures were
observed.

Benign mature cystic teratoma (Dermoid cyst)

It was observed in 10 cases (2%). Grossly, most
of these cysts were rounded to ovoid, ranged from
2-5 cm in diameter, one of them was irregular of 4.8
cm in length x 1.9 cm in width (Fig 4b), another one
appeared doubled on two sides and separated by a
septum (Fig 4c). All of them were surrounded by thick
firm wall that enclosing a cavity filled with totipotential
tissues such as hair and bone admixed with viscous
material (Fig 4d). Histologically, the cavity of the
teratoma was lined by keratinised stratified squamous
epithelium (Fig 4e), under which there was a fibrous
connective tissue containing hair follicles (Fl% 4f), sweat
and sebaceous glands in 4 cases. In the 5% case, the
cyst cavity contained nervous tissue (Fig 5a) associated
with osteoid tissue while in the 6 case glandular
tissue was detected (Fig 5b), and in another two cases,
myxomatous and hyalinised stroma were associated
with osteoid tissue, bone marrow, cartilage, muscles
and fat (Figs 5c and d), areas of calcification were
noticed in one of them, which stained positive with
Von Kossa stain (Fig 5e). Ganglionic tissue (Fig 5f) was
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Fig 2. Ovarian sections of she-camels showing; (a) Papillary cyst adenoma revealing irregular papillary protrusions (arrow)
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extended from the ovarian surface into the lumen and (b) adenomatous arrangement with cyst formation (dashed arrow).
(c) Fibroadenoma composed of glandular structures (arrow) of variable shapes and sizes surrounded by proliferated fibrous
stroma (MTC stain). (d) Gross mass of granulosa cell tumour, (e) Call-Exner bodies (arrow) in the granulosa cell tumour
appearing gland-like or rosette patterns of abortive follicles. (f) Juvenile type of granulose cell tumour. (H&E)

observed in 1 case in association with osteoid tissue
while the last case was accompanied with fibroma and
papillary cystadenoma.

Ovarian fibroma

It was observed in 8 cases (1.6%). The ovarian
fibromas appeared as hard, whitish rounded to
slightly ovoid masses ranged from 1 to 3 cm in
diameter (Fig 6a). Histologically, the neoplasms
consisted of bundles of fibroblasts and collagen
running in different directions but usually form
whorls around the blood vessels in the vicinity. In 2
cases, it was more collagenous. All fibromas reacted
positively with Massons” Trichrome stain (Figs 6b and
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c). Three cases of them were accompanied by other
types of tumour, one was associated with teratoma
and papillary cystadenoma and the others were
associated with granulosa cell tumour.

Cavernous haemangioma

Two cases of cavernous haemangioma (0.4%)
were noticed among the examined she-camels’
ovaries. The neoplasm was mushy brown mass on the
surface of the affected ovary, one was about 1 cm in
diameter and the other was about 2.3 cm. Microscopic
examination revealed numerous thin-walled blood-
filled spaces of different sizes, separated by fibrous
connective tissue septa (Fig 6d).
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Yy e
-5 A

Fig 3. Ovaries of she-camels showing; (a) Granulosa cell tumour with diffuse or macrofollicular patterns. (b-d) Luteoma; rounded
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well circumscribed solid grayish white mass (arrow) composed of masses of polygonal cells with vacuolar cytoplasm (c) and
sometimes marked pleomorphism with cellular atypia of the neoplastic cells (d). (e) Thecoma; tumour cells have abundant
dense vacoulated cytoplasm (arrow). (f) Luteinised thecoma showing cluster of luteinised cells is present with in fibromatous

tissue. (H&E).

Mixed tumours

Three cases showed presence of more than one
type of the previously mentioned tumours in the same
ovary; one of them revealed presence of papillary
cystadenoma, fibroma and teratoma (Fig 6e), while
the other 2 cases revealed presence of fibroma and
granulose cell tumour (Fig 6f).

Reproductive disorders in she-camel are
rapidly becoming a major part of the veterinary care
provided to the Camelidae especially when dealing
with genetically superior animals. The incidence and
pathology of the genital tract affections of she-camel
could provide valuable information which can be

Journal of Camel Practice and Research

used in evaluation of animal reproductivity. In the
persent study, ovarian tumours represented (6.8%) A
lower percent (0.87%) was noticed by Simenew et al
(2015) and included; papillary cystadenoma (0.6%),
fibroadenoma (0.2%), granulosa cell tumour (1.2%),
luteoma (0.8%), thecoma and luteinised thecoma
(0.4%), fibrothecoma (0.4%), teratoma (2%), fibroma
(1.6%), cavernous haemangioma (0.4%) and mixed
tumours (0.6%).

Papillary cystadenoma was observed in 3
cases (0.6%), which agreed with Wajid (2015) who
recorded (1.25%) in one case. While, granulosa cell
tumour (GCT) was observed in 6 cases (1.2%). It
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Fig 4. Ovary of she camels showing; (a) Fibrothecoma composed of two cellular patterns belongs to both fibroma and thecoma. (b-
f) Teratoma; large irregular mass on the ovarian surface (b), Doubled cysts separated by a septum containing hair and bone
(c), Totipotential tissues such as hair and bone admixed with viscous material (d), Stratified squamous epithelium (dashed
arrow) (e) and Hair follicles (arrow) underlying the fibrous connective tissue (f).

was firstly described in she-camels by Ali ef al (2013)
and Alsobayil et al 2018. Fibroadenoma was noted
only in one case (0.2%). Granulosa cell tumours are
considered as sex cord-gonadal stromal tumours or
the non-epithelial tumour group, arise from granulosa
cells. Adult granulosa cell tumours are well known as
hormonally active (Koukourakis et al, 2008; Schumer
and Cannistra, 2003). GCTs have occasionally
occurred in horses and cattle but are rarely malignant
(Crabtree, 2011; Pérez-Martinez et al, 2004).

The ovarian luteoma was detected in 4 cases
(0.8%), firstly reported in camels in the persent
study. Luteoma was previously recorded in cow,
bitch and cat (McEntee, 1990). Young (2011)
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stated that stromal luteomas occur mostly (80%)
in postmenopausal women. Numanoglu et al
(2014) added that it was also accompanied with
hyperestrogenic state and was confirmed with
hyperplasia of endometrium. Concerning thecoma
and luteinised thecoma, both were observed 0.4% in
our study. Thecoma have also been reported in cow,
bitch and sow (McEntee, 1990).

Fibrothecoma was detected in present study
(0.4%), it was reported in cow (Soleimanzadeh et al,
2017). Based on an ultrastructural study, Amin et al
(1971) reported that the ovarian fibroma and thecoma
are variants of single neoplasm with a common origin
from the ovarian stroma.

Journal of Camel Practice and Research



Fig 5. Ovary teratomas of dlfferent she-camels showing; (a) Nervous t1ssue, (b) Glandular tissue, (c and d) Bony tissue (B) Admixed
with bone marrow (BM), Cartilage, muscles (M) and Fat (F), (e) Areas of calcification stained positive with Von Kossa stain,
and ganglionic tissue (f).

It has been documented that germ cell tumour
(teratoma) are the most common camel tumour
(Tibary and Anouassi, 2000). As judged by our work,
Benign cystic ovarian teratomas were detected with
an incidence of 2 % of all cases examined. These are
believed to originate as congenital developmental
anomalies involving a single somatic cell layer (AL-
Afaleq et al, 2012). The incidence of teratomas in
camels was found to be 0.99, 0.29, 0.4, 0.67, 0.16, 0.17
and 1.4% in the previous investigations (Nawito et al,
1967; Omar et al, 1984, El-Wishy, 1989; Fetaih, 1991;
Heikal, 1999; Hamouda et al, 2011; Benaissa et al, 2015,
respectively).

The histopathological findings of the examined
dermoid cysts in this investigation were similar to

Journal of Camel Practice and Research

those described in other animal species (Jubb ef al,
1993). The observed teratomas were of a dermoid cyst
type with more or less the same histological structure
reported by El-Khouly et al (1991) and Mesbah et al
(2002) in camel’s ovary. It was benign and didn’t have
any effect on follicular activity on the contralateral
ovary. In present investigation, occurrence of ovarian
fibroma was 1.6%. The result was in agreement with
Al-Afaleq et al (2012) who found fibroma in she-camel
(0.71%) in Saudi Arabia.

Two cases of cavernous haemangioma (0.4%)
were detected in present study, which is nearly
similar to Al-Afaleq et al (2012) (0.18%) in Saudi
Arabia. Histogenesis of haemangioma remains
obscure but it is suggested to arise from the blood

December 2019/ 283



Fig 6. Ovaries of she camels showing; (a-c) Fibroma; hard, whitish ovoid mass on the ovarian surface, that is formed of wavy
bundles of fibroblasts and collagen running in different directions (b) and Positively stained with Massons’” Trichrome stain
(c). (d) Cavernous haemangioma showing numerous thin-walled blood-filled spaces of various sizes and separated by fibrous
septa. (e) Mixed tumour of papillary cystadenoma, fibroma and teratoma. (f) Mixed tumour of fibroma and granulosa cell
tumour.

vessels of the corpus luteum (Hsu, 1983). Some
authors believed that it was a true primary pure
ovarian mesenchymal neoplasm or a part of mature
teratoma. Others stated that the haemangiomas
were hamartomatous malformation but not
neoplastic lesions. The formation of this lesion may
be stimulated by some factors, such as hormones,
pregnancy, or infection (Bolat et al, 2010).

In conclusion, the persent study demonstrated
the usefulness of morpho-pathological examination
to determine the characteristics of each tumour.
Additionally, ovarian tumours originating from
germ cell are the most common variant represented
by ovarian teratoma followed by ovarian fibroma,
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granulosa cell tumour and luteoma followed by
papillary cystadenoma then cavernous haemangioma,
fibrothecoma, thecoma and luteinised thecoma and
finally adenofibroma.
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BOOK REVIEW

Book : Handbook of Research on Health and Environmental Benefits of Camel Products

Authors : Omar Amin Alhaj University of Petra, Jordan

Bernard Faye Independent Researcher, France

Rajendra Prasad Agrawal Independent Researcher, India
Publisher: IGI Global, United States of America

ISSN : 2330-3271; eISSN: 2330-328X
Edition : First 2019

The various chapter of book are contributed by 37 authors from 16 countries. This book has 17
chapters spread in 477 pages. The opening chapter is based on historical background and population
of camels. This is good for all those writing introduction of their camel based research. This chapter
introduces some essential figures on the economic value of camels based on the most recent statistics
of the Food and Agricultural Organisation(FAO). Eleven chapters are based on different facets of
camel milk which are very interesting. These chapters describe camel milk composition and nutritional
value, strategies and technologies for camel milk preservation, microbial aspect of lactic acid bacteria
isolated from camel milk, manufacture of dairy and non-dairy camel milk products, manufacture and
challenges of camel milk cheese, exploring potential therapeutic properties of camel milk, health-
improving and disease-preventing potential of camel milk against chronic diseases and autism: camel
milk and chronic diseases, potential anti-diabetic effect of camel milk, effects of industrial processing
methods on camel milk composition, nutritional value, and health properties, camel colostrums
composition, nutritional value, and nutraceuticals and camel milk disguised cosmeceutical. While
few chapters highlight the medicinal or therapeutic, nutraceuticals and cosmeceutical properties of
camel milk, the others point out about camel milk products and their industrial processing methods.
These chapters highlight many value-added products which are produced like yoghurt, cheese, ice
cream, snacks, and camel milk protein hydrolysates, which are used in the field of functional food
and nutraceuticals. Chapters also contain information about the recent introduction of the chy-
max-m1000®,on market solved the problem of clotting. Obtained by genetic engineering, this camel
rennet allows high cheese yield. Another chapter highlights the potential health benefits of camel
milk including antioxidant, anti-cancer activity, antihypertensive properties, ant diabetic activity,
antimicrobial activity, hypoallergenicity activity, and anti-crohn’s disease. Scientists from india
have investigated and assessed the effect of regular camel milk consumption on glycaemic status of
diabetic patients and animal models. All the experiments’ results concluded to the reduction of blood
glucose and glycosylated haemoglobin. One chapter is based on interactionbetweencamelfarming
andenvironment. Chinese authors have contributed one chapter on camel hairs tructure, properties,
and commercial products. The chapter on camel meat is contributed by a group of scientists from
Oman and Sudan led by Isam Tawfik Kadim. These chapters describe camel meat production,
structure, and quality and camel meat nutrient content and potential health benefits. Authors pointed
out an important feature that characterises camelid meat products is the low level of intramuscular
and subcutaneous fat compared to red meat sources. The scientists from Saudi Arabia and Malaysia
have contributed a chapter on camel gelatin composition, properties, production, and applications.
This chapter discusses the processing of camel gelatin extraction. Gelatine has an ability to form a
thermo reversible gel at normal body temperature and high water content make it an exceptional
food ingredient.

I congratulate the editors and authors of this unique book which provides volumes of
information regarding the camel products.

Dr. T.K. Gahlot
Editor
Journal of Camel Practice and Research
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ABSTRACT

The present study described the first case of Sertoli-Leydig cell tumour in dromedary camel. An 8-year-
old, primiparous, female dromedary was presented with a history of failure of conception. The camel had normal
calving since 1.5 years. The animal was in good health condition. Trans-rectally, a firm, round, smooth, mass (~9 cm
in diameter) was palpated bulging out of the surface of the right ovary. Ultrasonographically, the right ovary was
enlarged, homogenous, but with some cystic areas. Unilateral ovarioectomy was performed. Microscopically, the
ovarian cortex was composed of tubules of immature Sertoli cells. There were large leydig cells. Alpha-inhibin was
expressed uniformly within the cytoplasm of the majority of cells lining tubules, thus confirming classification of the

lesions as Sertoli-Leydig cell tumour.

Key words: Dromedary, ovary, Sertoli-Leydig cell, tumour

Ovarian tumours are uncommon in dromedary
camels. Most of the reported ovarian tumours were
teratomas, dysgerminoma and granulosa cell tumours
(Elwishy, 1990; El-Khouly et al, 1990; Ali et al, 2013).
Sertoli-Leydig cell tumour, arises from the sex cord
cells present in the ovary (Young and Scully, 1985;
Sachdeva et al, 2008). Morphologically, cells of testis
looks like at different phases of development, but
ultrastructurally, it is similar to ovarian granulosa cell
tumours and comprises female sex chromatin (Patnaik
et al, 1988). These tumours produce androgens and
rarely estrogen hormones (Young, 1993). Sertoli-
Leydig cell tumours are often detected in bitches
than in other animal species or in women (Patnaik
et al, 1988; Young, 1993; Vissiennon et al, 2010). Of 71
ovarian tumours in dogs, sex cord stromal constituted
about one-third of cases, which were equally divided
between Sertoli-Leydig and granulosa cell tumours
(Patnaik and Greenlee, 1987).

Sertoli-Leydig cell tumour is not previously
reported in camels. Persent study reports this tumour
with its clinical and histopathological details.

Materials and Methods

An 8-year-old primiparous, non-lactating,
female dromedary camel was presented for failure

of conception for 4 months. The animal had normal
calving since 1.5 years. At admission, the animal
was evaluated for the body condition score (BCS,
1-5; Sghiri and Driancourt, 1999) and examined
for rectal temperature, heart and respiratory rates,
and rumen contraction. The reproductive tract
was examined by transrectal palpation ultrasono-
graphically (Aloka SSD-500, equipped with a 5 MHz
linear array transducer; Aloka Co., Ltd., Tokyo, Japan)
and through exploration of the vagina. A unilateral
ovariectomy was performed in sternal recumbency.
Food and water were withheld for 24 h. The camel
was sedated by xylazine HCI (0.3 mg/kg body
weight, Bomazine 10%, iv, BOMAC Laboratories Ltd,
New Zealand). The left flank region was prepared
for aseptic surgery. Anaesthesia of the flank area
was achieved with inverted “L” infiltration using 2%
lidocaine (Norbrook Laboratories, UK). An oblique
cranio-caudal linear skin incision was performed at
the lower flank. Blunt dissection was performed in
the muscles of the flank and haemostasis was carried
out. The parietal peritoneum was opened and the
affected ovary was identified and then exteriorised.
The mass was removed after double ligation of
the ovarian pedicle using number 1 Polydiaxanone
(Ethicon, USA). The uterine horn was then reduced
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back to the peritoneal cavity. The flank incision was
sutured routinely in 5 layers (Tibary and Anouassi,
1997). Postoperatively, systemic antibiotics (procaine
penicillin 30,000 IU/kg and dihydrostreptomycin 10
mg/kg, Pen Sterpt®, Norbrook, Northem, Ireland)
and an anti-inflammatory (phenylbutazone 4.4 mg/
kg, Phenylarthrite®, Vetoquinol, Lure-France) were
administered in for 5 and 3 days, respectively. Skin
sutures were removed 14 days, post-surgery.

Ovarian samples were fixed in buffered
formalin and routine processing by alcohol, xylol
then blocked in paraffin. The tissue was sectioned at
4 pm and stained with haematoxylin and eosin for
histopathological examination (Bancroft and Stevens,
2008).

The immunophenotyping of the tumour
cells was analysed by immunohistochemistry.
Inhibin alpha polyclonal antibody (#MBS9127039)
provided by MyBioSource, Inc. USA was used.
Immunohistochemical staining was performed
as described previously (Mousa and Mousa,
2003). In brief, sections were incubated with the
primary antibodies against inhibin (diluted at
1:1000) overnight at 4°C. Thereafter, the sections
were incubated with the biotinylated secondary
antibody for 1 h and with avidin biotin conjugated
peroxidase for 45 min. Finally, the sections were
washed and stained with 30 3’ -diaminobenzidine
tetrahydrochloride (DAB), including 0.01% H,O,
in 0.05 M Tris-buffered saline (pH 7.6) for 3-5
min. After the enzyme reaction, the sections were
washed in tap water, dehydrated in alcohol, cleared
in xylene, and mounted in DPX. To demonstrate
specificity of staining, the following controls were
included:

(1) Preabsorption of diluted alpha antibodies of
inhibin with ovine follicular fluid, a natural source of
inhibin (dilution, 1:5) for 24 h at 4°C.

(2) Omission of the primary antisera, the
secondary antibody or avidin-biotin complex. These
control experiments did not showed positive staining
for any antibody tested.

Results and Discussion

The BCS of the female camel was 3 at admission,
and all clinical parameters were within normal
limits (temperature=36.7°C, heart rate=45 beats/min,
respiratory rate=9 breaths/min, rumen contractions=4
every 2 min). Trans-rectal palpation determined
that the right ovary was abnormally enlarged. The
left ovary was smaller in size with no structures.
Ultrasound examination revealed that this mass at
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the right ovary was generally homogenous, but with
some hypoechoic areas within its substance (Fig 1).
Grossly, the right ovary had a nearly-round smooth
mass (~approximately 9 cm in diameter) attached to
its lateral surface. On cross-section, this mass was
smooth, greasy and shiny, resembling the testicular
stroma with multiple cavities (Fig 2). Microscopically,
this mass composed of tubules of immature Sertoli
cells with clear cytoplasm intermingled with large
interstitial Leydig cells in between with pink
cytoplasm. Some cells acquire spindle cell appearance
and some other cells acquire epithelial cells filled with
mucous were also observed (Fig 3).

Examination of the immunuohistochemical
staining with inhibin-a was expressed uniformly

Fig 1. Sonogram revealed a large homogenous echogenic mass
with some non-echogenic areas (arrows) attached to the
right ovary.

Fig 2. Morphology of the Sertoli-Leydig cell tumour, the mass is
approximately round, smooth and pedunculated from the
surface of the right ovary. The cut-surface was glistening
with some cavities filled with serous fluid.
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Fig 3. Histopathological sections of the ovarian tumour
showing tubules of immature Sertoli cells with clear
cytoplasm (black arrows), and large Leydig cells with
pink cytoplasm (white arrow). H&E.

within the cytoplasm of the majority of cells lining
tubules (Fig 4), providing a strong evidence that
the found lesion is a Sertoli-Leydig cell tumour
(intermediate differentiated, Meyer type II).

The tumour described has morphological and
immunohistochemical characteristics consistent with
both human (Durdik et al, 2012) and canine Sertoli-
Leydig cell tumours (Banco et al, 2010).

Alpha-inhibin, a gonadal glycopeptide known
to be a feedback inhibitor of pituitary secretion of
follicle-stimulating hormone, is a useful marker
of canine (Marino ef al, 2003) and human sex
cordestromal tumours (Mooney et al, 2002; Oliva et
al, 2005; Young, 2005). Alpha-inhibin is not expressed
by other types of canine ovarian tumour such as
epithelial- or germ-cell tumours (Marino et al, 2003).

The exact cause of this tumour is not known.
However, some studies have revealed that many
cases are caused by germline mutations in the
DICERT1 gene (Frio et al, 2011; Slade et al, 2011). The
current case was unilaterally affected and was in the
beginning of her reproductive life. In women, most
registered cases were unilateral (Young and Scully,
1985; Tandon et al, 2007). In contrast, in bitches the
majority of reported cases were bilateral (Patnaik
and Greenlee, 1987; Go'mez-Laguna et al, 2008).
This type of ovarian tumour has been mostly seen in
young ages women (Young and Scully, 1985; Tandon
et al, 2007), conversely, in bitches, utmost observed
cases were more than 10 years old (Patnaik and
Greenlee, 1987).
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directly or indirectly related to camels will be reviewed by
subject-matter specialists and included if sent to the journal
for this purpose. Masters or Doctorate thesis/dissertation
abstracts will be published only if sent by the candidate with
due certification from advisor/supervisor and head of the
department where the research was carried out. All thesis/
dissertation abstracts should be accompanied by attested or
photocopy of their mandatory certificates only for official
records. The Journal of Camel Practice and Research will
occasionally contain an invited editorial commenting on the
papers in the issue.

Each issue of the Journal of Camel Practice and Research
will contain some titbits like My Camel Memories, Clinical
Camelids, ‘from the old literature', “cartoons' and interesting
news items'. Readers are welcome to contribute for these and
due credit lines will suitably be included. However, all these
are subject to scrutiny by members of the editorial board.

News of any International Association of Camel or
Camelids will be included as and when necessary. ‘Research
in progress', is a special feature we intend to incorporate in
the Journal of Camel Practice and Research. In this column
researchers can report initial findings of their work in advance,
so that others engaged in similar pursuit can exchange views
about it. However, such short communications will be
entertained on understanding that full article will also appear
in this journal.

Submission of manuscript: Mail two hard copies
of the manuscript and two complete sets of figures along
with a CD or a soft copy in word files to Dr.T.K. Gahlot,
Editor, Journal of Camel Practice and Research, Department of
Surgery & Radiology, College of Veterinary & Animal Science,
Bikaner, Rajasthan, 334 001 India. Send soft copy to Editor at
tkcamelvet@yahoo.com.

The manuscript should be sent in a heavy paper
envelope and photographs or illustrations should be enclosed
in a cardboard to avoid damage during mail handling. The
manuscript should be accompanied by a covering letter
from the author responsible for correspondence. It should
also contain a statement that manuscript has been seen and
approved by all co-authors. Editor and members of the editorial
board are not responsible for the opinions expressed by authors
and reserves the right to reject any material or introduce
editorial changes. Material will be accepted for publication on
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the understanding that it has not been published in any other
form and is not being considered elsewhere. Any material once
accepted for publication may not be republished in any form
without prior permission of the author.

Manuscripts can also be accepted on 3.5" or 5.25" floppies,
computers, PM5 or PM6 Microsoft-Word-5 or compatibles,
Microsoft-Excel-4 or compatibles. It would be in the interest
of authors to accompany a hard copy.

Preparation of the manuscript: Manuscript should be
typed on white bond paper (A4 or 5 size) with a margin of
4 cm on right side, 3 cm on left side, top and bottom. British
English, spellings and generic names of drugs should be
used. International Code of Zoological Nomenclature, Nomina
Anatomica Veterinaria, International Code of Nomenclature
of Bacteria, International Code of Botanical Nomenclature
and International Standards should be strictly followed. All
terms should be identified by their scientific names and for
easy comprehension common terms/names can be used.
Population data and geographical distribution of camelids
should invariably be avoided in introduction, unless it is
warranted.

Each of the following sections should be types on
separate pages:

Title page: This page should contain title of the article,
name of the department/institution where work has been done,
present postal address of each author and name of author with
email to whom reprint request should be addressed. Following
is the example:

Example: CLINICAL EVALUATION OF INTERDENTAL
WIRING TECHNIQUE FOR MANDIBULAR FRACTURE
REPAIR IN CAMELS

T.K. Gahlot!, S.K. Chawla?, R.J. Choudhary3, D.
Krishnamurthy* and D.S. Chouhan®

Department of Surgery & Radiology,”* *° College of
Veterinary and Animal Science,?*™*, College of Veterinary
Sciences, CCS-Haryana Agricultural University, Hisar, 125004
INDIA.

SEND REPRINT REQUEST TO DR. T.K. GAHLOT
email: tkcamelvet@yahoo.com.

Abstract and Key words: The abstract should begin with
title of the article (in upper case), and have brief procedures,
salient results and conclusions not more than 225 words,
in one paragraph on second page. Proprietary names and
abbreviations should be avoided. Provide four to six key
words below the abstract for indexing services. Abstract is
not necessary for short communications, case reports, news
items etc.

Text: The proper text of the paper should start from third
page and should again begin with title of the article (in upper
case). The text should be divided into sections with headings,
introduction, materials and methods, results, discussion,
tables/illustrations and references.

Introduction: The logic of the introduction is to introduce
the specificity and relevance of the topic to the readers. It should
include the objective of the work in brief and most important
related reference(s).
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Materials and Methods: Should contain details
regarding materials and brief account of procedures used.

However, sufficient details must be included to
reproduce the results. For established or routine methods
only related reference(s) can be cited. Any deviation from
routine procedures should be specifically mentioned. Only
generic names of the drugs and chemicals should be used in the
running text. The trade names, source or other necessary related
information should be mentioned in parenthesis there in.

In case reports, the case record sheet should also be
included in materials and methods.

Statistical methods if used should be briefly described
alongwith reference. If any analysis is done with the help of a
computer programme, its complete name and source should be
mentioned, however, it does not mean to exclude the mention
of methods, level of significance and other relevant information.

Results and Discussion should be presented in logical
sequence with implications of findings about other relevant
studies. The data or information easily attainable from the tables
or graphics need not be repeated in the results. Only important
observations need to be summarised. Undue repetition of the
text from results to discussion has to be avoided. To preclude it,
depending on article, results and discussion can be combined.
In discussion only significant results should be discussed. One
should not always stick to the term “statistically significant' data
rather biological importance or significance of any variation
should be given due importance in discussion. Discussion
should always end in conclusions linked with objectives of
the study mentioned in the introduction and unqualified
statements should be avoided.

Tables: Each tables should be typed on separate sheet.
Large tables should be avoided and should not exceed one
page. Each table should be numbered in Indo-Arabic numerals
according to their sequence in the text that refers to it. In the
text it should be referred as proper noun e.g., Table 1. The title
of the table should be brief and self-explanatory. Footnotes can
be included to enhance understanding ability of the contents
of the table.

Illustrations and Legends: All illustrations should be
submitted in duplicate and about twice the size desired for
reproduction that is 17 cm for double column or 8.3 cm for
single column. Photographs and photomicrographs should be
printed on glossy paper with excellent details and contrast.
Drawings and diagrams should be in India ink (Black) on
smooth white paper. All illustrations should be referred as
figures in the text and should also be numbered in Indo-Arabic
numerals e.g., Fig 1. Legends of all these figures should be
typed on a separate sheet. Each legend should be clear, concise
and informative. A statement of magnifications or reductions
should be given where it is applicable. Nothing should be
written with pen or typed on the back of any illustration except
it bears running title of the paper, figure number and arrow
indicating top edge with light pencil. All graphs should be
supported with data on a separate sheet to redo them (in certain
special cases) according to format of the journal.

References: References to the work should be cited in
the text with author's surname and year of publication in the
parenthesis e.g., Gahlot (1995) or Gahlot et al (1995) or (Gahlot et
al, 1995), depending upon construction of the sentence. In case
there are two authors the conjunction “and' or its symbol &'
should be used according to construction of the sentence e.g.,
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Gahlot and Chouhan (1995) or (Gahlot & Chouhan, 1995). When
there are more than two authors the surname of first author will
be followed by et al. When name of any author bears only first
and second name, latter will be considered as surname for the
text. However, in papers submitted to this journal both names
should be used in the title page. Chronological order should
be followed in citing several references together in the text.

References should be arranged in alphabetical order.
Authors should not modify the title of the references. Mention
full name of the journal. Examples of correct forms of references
are given below:

Periodicals: Sharma SD, Gahlot TK, Purohit NR, Sharma
CK, Chouhan DS and Choudhary R] (1994). Haematological
and biochemical alterations following epidural administration
of xylazine in camels (Camelus dromedarius). Journal of Camel
Practice and Research 1(1):26-29.

For edited symposium/congress/proceedings: Abdalla
HS (1992). Camel trypanosomiasis in the Sudan. Proceedings
First International Camel Conference, Dubai (UAE), February
2-6, pp 401-403.

Books (Personal authors): Gahlot TK and Chouhan DS
(1992). Camel Surgery, Ist Edn. Gyan Prakashan Mandir, Gauri
Niwas, 2b5, Pawanpuri, Bikaner, India. pp 37-50.

Chapter from multiauthored books: Chawla SK,
Panchbhai VS and Gahlot TK (1993). The special sense organs-
Eye. In: Ruminant Surgery, Eds., Tyagi RPS and Singh J. Ist
Edn., CBS Publishers and Distributors, Delhi, India. pp 392-407.

Thesis: Rathod Avni (2006).Therapeutic studies on
sarcopticosis in camels (Camelus dromedarius). Unpublished
Masters Thesis (MVSc), Rajasthan Agricultural University,
Bikaner, Rajasthan, India.

Commercial booklets: Anonymous/Name (1967).
Conray-Contrast Media. IlIrd Edn., 12-15, May and Baker
Ltd., Dagenham, Essex, England.

Magazine articles: Taylor D (1985). The Constipated
Camel. Reader's Digest. Indian Edn. RDI Print & Publishing (P)
Ltd., Mehra House, 250-C, New Cross Road, Worli, Bombay,
India. 126:60-64

News paper articles: Anonymous or name of
correspondent (1985). Bright Sunlight causes Cataract. Times
of India, New Delhi, City-1, India October-9 pp 3, Col 3-5.

Personal communication: Hall LW (1995). Reader in
Comparative Anaesthesia, Department of Clinical Veterinary
Medicine, Madingley Road, University of Cambridge,
Cambridge, CB3 OES, England.

Reprints: There is no provision for free reprints. Author
or person in correspondence has to pay INR 4500/- (for Indian
Citizens only) or US $ 450, in advance for 10 reprints for the year
2020. Additional reprints in multiples of 10 may be requested
and will be charged at the same rate but with minimum order of
30 reprints and every request for extra reprints should be made,
if required, before 30" March, July or November every year.

Charges for colour and black and white pictures:
Author(s) has to pay for production of colour plates in his/
her manuscript. More than 4 black and white picture will be
charged from the author(s) towards printing charges.

Copyright: The copyright of the article will remain with
the owner, Dr. T.K. Gahlot and will be governed by the Indian
Copyright Act.
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