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Abstract

In the present review the potential uses of Camel, in Medical field and industries has been discussed. Camel an even toed ungulate
which lives in extreme environments such as deserts or high altitudes, serves as model for studying innate immune response and host
for production of antivenom. Camel milk has distinct therapeutic benefits, such as anti-diabetic, anti-toxic, anti-viral, antibacterial,
anti-rheumatoid arthritis, anticancer, and wound healing activities. Both caseins and whey proteins of camel milk possess bioactive
peptides with significant radical-scavenging activities and may serve as potential source of nutraceuticals or therapeutic peptides for
prevention and treatment of oxidative stress-associated diseases. Fermented camel milk has probiotic potential including tolerance
to high bile salt concentration, low pH, and antimicrobial activity against wide range of food-borne pathogens. Cameline Ovulation
Inducing Factor (OIF)present in the seminal plasma induces ovulation at similar rates like GnRH. Novel cold adapted endoglucanase
(CelCM3) from the microbes inhabitating the camel rumen, is having 50% activity at 4 °C and exhibited resistance to metal ions, non-
ionic detergents, urea and organic solvents, promoting its usefulness in the biochemical protocols, which warrant cold temperature.
Camel urine has anticancer and antiplatelet activity and Canavanine secreted in camel urine is a potent inhibitor of cancer cells. Camel
meat is considered as a functional food which serves as a remedy for fever, asthma and sciatica.
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Introduction are well known for their adaptation to live in extreme environments

The Camelidae family (order: Artiodactyla) presently is having ~ such as deserts or high altitudes, the harsh conditions- cold, hot,
six species: dromedary (Camelus dromedarius), Bactrian camel arid, and poor grazing- of deserts or semi-deserts, these mammals
(Camelus bactrianus), llama (Lama glama), guanaco (Lama gua- have gained many inherent unique abilities and attributes. Storage

nicoe), alpaca (Lama pacos) and vicuna (Lama vicugna). Camelids ~ of energy in the humps and abdomen in the form of fat, favours
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these animal species to survive long periods without any food or
water. In spite of warm blooded animal, the body temperature of
camel ranges from 34 to 410 C throughout the day [1]. When com-
pared to other ruminants, blood glucose levels in camels are having
the double level of blood glucose [2]. In spite of tolerating the high
dietary intake of salt (eight times more than cattle and sheep), Ca-

melids could not suffer from diabetes or hypertension [3].

Despite being an active member of the food producing family of
farm animals, the camel has for a long time remained the most ne-
glected animal in terms of its improvement and scientific research.
The versatility of camel to survive and perform in the hard arid
and semiarid regions and its unique physiological system should
motivate the researchers to study it more closely to further exploit

its potential [4].

Al Jassim and Sejian [5] proposed that camel is a peculiar mam-
malian species. Owing to their unique characteristics related to
adaptation, camel would be the animal of the future at global level
from the climatic change point of view. Therefore, the immediate
steps need to be undertaken to find out the hidden intricacies as
well as the novel therapeutics of the extraordinary wonderful ani-
mal. Based on the ability to survive on any type of grasslands, cam-
el is the animal of choice for food security during climate change.
Hence, camel needs to be further explored for the scientific pur-
pose in order to change this neglected animal species to beneficial

animal species.

The present review describes the potential uses of the camels
in various disciplines of biomedical sciences by virtue of the pos-
session of various novel genes encoding wonderful diagnostics and
therapeutics, which are extensively used in the detection of vari-
ous infectious agents of public health importance and their corre-

sponding remedial measures.
Medicinal uses of camel

The advanced breakthrough research in the field of genomics,
proteomics and metagenomics being carried out in camels has in-
evitably transformed this highly neglected animal species into the

medicinally important animal species.

Very recently, Ali and his team [6] quoted that camel would be
a multipurpose mammal utilized for milk, sports and transport.
Search and subsequent analysis of the major genes involved in the
adaptation of the camel to harsh environment would be useful in

the breeding programs.
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Camel as a natural source of Heavy chain antibodies

Among the mammals, Camelids have the peculiar immune
system. Additionally, the availability of the sequence information
pertaining to various cytokine genes of the camels would make the
feasibility of cameline cytokine based diagnostics and therapeutics
for the various infectious diseases of human and other livestock

species including camelids [7,8].

The invention of the technique of monoclonal antibody produc-
tion made a breakthrough in biotechnology. The technique, de-
vised by Kohler and Milstein, is nothing but the chemical fusion of
murine spleen cells that secrete antibodies with myeloma cells that
afford the new cells immortality [9]. Monoclonal antibodies gener-
ally are monospecific (they could identify only one type of antigen),
and with the advent of recombinant technology, one could continu-
ously get the production of monoclonal antibodies. In spite of hav-
ing the different therapeutic uses, MAbs have some constraints
such as large tissue which hinders the efficient tissue penetration
and high cost of production in eukaryotic systems. These problems
could be overcome by getting Fab fragments, since they are three
times smaller than full-size antibodies and could be effectively gen-
erated in prokaryotic system. Indeed, the cloning and the eventual
expression of Fab fragments in E.coli would not be effective due
to the heterodimer nature of Fab fragments (consisting of vari-
able regions of heavy and light chains linked by disulfide bridges).
Further, expression of single-chain variable fragments (scFv) of
antibody could also have the problems due to the low solubility of
these fragments and they also need a linker to keep both domains
together, besides the comparative lower affinity of scFv than Fab

fragments or antibodies and the tendency to aggregate [10].

A suitable and alternative strategy to mitigate the aforemen-
tioned is expression of functional fragments of heavy chain anti-
bodies (hcAb), which are naturally present in the sera of the only
one mammal. i.e. Camels. Camelids have three subclasses of func-
tional IgGs in their sera. IgG1 is a heterodimer possessing he~avy
and light chain homodimers, where as IgG2 and IgG3 have only
heavy chains and hence are popularly known as heavy chain an-
tibodies (hcAbs). In addition to constant domains CH2 and CH3,
heavy chains of hcAbs contain va-riable domains called VHHs but
no CH1 domain as in the case of regular antibody [11] and the
elongated hinge region linking VHH and CH2 regions is made up
of repeated residues of proline, lysine, glutamine or glutamic acid.

Therefore, the structure of the hinge region in hcAbs is more rigid
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and the distance between two binding domains is greater, when
compared to the conventional IgGs [12]. Expression of antigen-
binding fragments of conventional antibodies in the form of Fab
or scFv fragments requires the separate cloning of heavy and light
chains and it is time consuming process. But, in the case of heavy
chain antibodies, their active antigen-binding fragments could
easily be cloned and eventually expressed in the form of VHHs or
nanobodies™. Due to the possession of the only one polypeptide
chain, these VHHs afford the following merits when compared to

the fragments of full-size antibodies and their fragments,

e Poor immunogenic nature of VHHs in human beings due
to the sharing of high sequence homology between the
genes encoding VHHs and the genes belonging to the hu-
man VH families 3 and 4 [13];

e Due to the possession of only one domain, it is very easy
to clone and express VHHs in large quantities using differ-

ent prokaryotic and eukaryotic expression systems [14];

e Owing to the inherent nature of high variability of length
and sequence, VHHs could recognize a variety of epi-
topes, located not only on the surface of a protein [15],
but also hidden deep in the clefts [16]. VHHs have also
been known for their detection of a wide range of epit-
opes, starting from small haptens [17] to binding sites of
enzymes [18];

e Due to the small size, VHHs have the ability to penetrate
the barriers such as the blood-brain barrier and bind hid-
den pitopes, which could not be reached by conventional
antibodies [19];

e  VHHs are further well known for their high solubility and
stability even in denaturing conditions or high tempera-
tures [17].

Being the small in size and more stable, HCAbs possess peculiar
merits in various medical and biotechnological applications [20].
Zoonotic diseases such as Listeriosis. Anthrax, Trypanosomosis,
Influenza, FMD and Rabies could effectively be treated by means

of broadly neutralizing antibodies (bNAbs) from the camelids [21].

Camel as a model for studying innate immune responses

The camel is a comparatively hardy animal and is less prone to
most of the common dreadful infectious diseases of other livestock
species such as trypanosomiasis [22] and brucellosis [23]. Regard-

ing the viral diseases, only species specific viral infections such as
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camelpox [24] and contagious ecthyma [25] have been reported in
Indian Dromedary camels. Camels have also been known to get the
infection with foot and mouth disease, but no naturally occurring
clinical cases seem to occur [26]. It is speculated that the camel’s
immune system especially the innate immunity could play a very
crucial role as innate immunity is promptly activated after recogni-
tion of the diverse repertoire of microbial pathogens. Innate im-
mune cells express various pattern-recognition receptors (PRRs),
which recognize signature molecules of pathogens. Several classes
of PRRs such as Toll like receptors (TLRs) recognize various PAMPs
in various cell compartments and trigger the release of inflam-
matory cytokines and type I interferons for host defense. Further
TLRs also play important role in cell-signaling for activation of both

innate as well as adaptive immune response.

From India, Dahiya and his team [27] carried out the cloning
and sequence analysis of Toll-like receptor 2 (TLR2) gene of old
world camelids and it was found out that interestingly, the amida-
tion motifis presentin camel (Dromedary and Bactrian) TLR2 only,
and the TIR domain is absent in Dromedary camel TLR2. It was
further concluded that this information would be useful for the im-

mune functions associated with bacterial infection of camels.

Camels thus seem to be an important model for our understand-
ing of the evolution and of the role of genetic diversity in immune
functions, especially in the context of unique features of their im-

munoglobulin and T-cell receptor genes [28,29].

Itis well known that the roles of TLRs and their association with
disease resistance and susceptibility have been well established in
man. In the similar way, being the naturally resistant to most of the
infectious diseases of common livestock species, camels would be
the ideal animal model for studying the innate immunity and the

corresponding TLRs.

Camel as a host for the production of antivenom

In comparison to horses, camels are also equally smart for the
handling, immunization and bleeding; the quantum of blood is al-
most equal to or more, that from a horse [30]. Further, the pecu-
liar physicochemical properties of camelid IgG affords promising
possibilities for the improvement of the clinical effectiveness of
antivenom treatment [31]. Presently, the antivenoms available are
known to cause adverse reactions of either anaphylactoid or pyro-

genic in 60e80% of patients receiving anti venom in India [32,33].
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To overcome these public health issues, the camel would be alter-
native host for the generation of antivenom. Herrera and his team
[34] concluded that Camel IgG is less immunogenic and less likely
to activate the complement cascade than ovine or equine IgG sug-
gesting that patients receiving Camelid IgG antivenom would suf-
fer less from the anaphalactoid and serum sickness adverse effects.
Further, the unusual thermostable property of camelid IgG could
also be exploited to prepare antivenom that remains efficacious af-

ter room temperature storage in rural parts of the world [35].

Owing to the beneficial properties of Camelid IgG antivenom,
Darvish and his team [36] did the Successful immunization of cam-
el with Iranian Hottentotta saulcyi scorpion venom and evaluated
the protective effect of a Nanobody (Nb12) against whole soluble
venom injected in mice at 2 LD values in pre-incubated & challenge
rescue experiments. Hottentotta saulcyi, is a medically important
scorpion species, which is responsible for harmful toxic effects in
Iran. Heavy chain-only antibodies (HC-Abs) camelid antivenom
could be considered as a useful serotherapeutics instead of the cur-

rently available treatment for scorpion envenomation [37].

From India, Tanwar and his team [38] carried out the experi-
ments on Production and preclinical assessment of camelid im-
munoglobulins against Echis sochureki (North Indian Saw scaled

viper) venom from desert of Rajasthan.

Therapeutic uses of camel milk

When compared to the milk of other dairy animals, camel milk
has been reported to cure severe food allergies in children and dia-
betes [39]. Furthermore, camel milk is suggested to exert a num-
ber of therapeutic activities [40]. Numerous studies suggest that
camel milk has distinct therapeutic benefits, such as anti-diabetic,
anti-toxic, anti-viral, antibacterial, anti-rheumatoid arthritis, anti-
cancer, and wound healing activities. In addition, camel milk has
been used for centuries in the Middle East, Asian and North African

cultures as a natural remedy for many common health problems.

El-Fakharany and his team [41] proved that whole camel milk is
having inhibitory activity against Hepatitis C Virus (HCV) under in
vivo conditions, by reducing viral load in patient sera and convert-

ing the IgG isotype profile to Th1 immunity in HCV genotype 4.

Soliman and his team [42] concluded that camel milk had pro-
tective effects against pathogenicity induced by E. coli and S. aureus

in Wistar rats.
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Khan and Alzohairy [43] demonstrated that administration of
camel milk in CCl4 induced acute liver toxicity is having hepatopro-

tective effects.

Camel milk possesses the property to reverse the Cyclophos-
phamide (CYP) - induced leukopenia and weight loss in mice.
Moreover, it also helps in the recovery of important antioxidant
enzymes such as SOD and CAT that are important players in the

innate immune responses [44].

Both caseins and whey proteins of camel milk possess bioac-
tive peptides with significant radical-scavenging activities and thus
herald a fascinating opportunity for their potential as nutraceuti-
cals or therapeutic peptides for prevention and treatment of oxida-

tive stress-associated diseases [45].

Arab and his team [46] described the anti-inflammatory ac-
tions of camel milk (CM) in Adjuvant arthritis and air pouch edema
models in rats. These promising effects were mainly linked to the
inhibition of MAPK pathway, which controls the synthesis of proin-
flammatory signals and the CM consumption would be an adjunct

approach for the management of rheumatoid arthritis.

The high amount of digestion resistant insulin and high level of
antioxidants as anti-inflammatory factors are the possible explana-

tion for anti-diabetic effect of camel milk [47].

Under in vitro conditions, using the camel milk, Ayyash and his
team [48] evaluated its antineoplastic activity by the mechanism
of antiproliferative activity, antihypertensive activity by means of
angiotensin-converting enzyme inhibition, antidiabetic activity by
a-amylase and a-glucosidase inhibitions, and antioxidant activities
of camel milk fermented with camel milk probiotic compared with

fermented bovine milk.

Camel milk proteins (CMP) have a strong antioxidant potential
that reduces the effects of oxygen free radicals and lipid peroxi-
dation by orchestrating the overall antioxidant system to the opti-
mum in vivo. Moreover, CMP is a potential stimulant in normalizing
the inflammatory cytokines and restoring high levels of TNF-a me-
diated by NF-kB in diabetic rats. An increase in neutrophil infiltra-
tion at wound sites post CMP administration in diabetic rats speed-

ed up the normal inflammatory events of the healing process [49].
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Agarwal and his team [50] stated that camel milk is safe and
efficacious in improving long-term glycemic control, with a signifi-

cant reduction in the doses of insulin in type 1 diabetic patients.

The composition and molecular properties of camel milk pro-
tein is different from bovine and human milk. Camel milk has com-
paratively higher functional contribution to human health as a re-
sult of the unique composition of caseins and whey proteins (SA,
o-LA, LE PGRP-S, and IgG with the different variants IgG1, IgG2, and
IgG3) [40].

Elbanna and his team [51] isolated and identified probiotic
strains isolated from camel’s fermented milk with excellent pro-
biotic potential including tolerance to high bile salt concentration,
low pH, high salt, phenol, and antimicrobial activity against wide
range of food-borne pathogens and Dermatophytes. Furthermore,
the in vivo study indicated that these strains significantly improved
the innate immune system. Accordingly, due to these unique pro-
biotic properties, both selected strains could be potentially used
as probiotic starter cultures for fermented dairy foods as well as
functional food and health products. Shariatikia and his team [52]
carried out the research work to validate the anticancer activity
of cow, goat, sheep, mare, donkey and camel milk and their casein
and whey proteins against MCF7 cell line. Based on the results ob-
tained, it was concluded that mare, camel and donkey milk could be

the ideal therapeutics to fight against breast cancer cells.

Krishnankutty and his team [53] found out that Camel milk pos-
sesses antiproliferative effects on human colorectal HCT 116 and

breast MCF-7 cancer cells by means of augmenting autophagy.

Cameline ovulation inducing factor (OIF)

From the reproduction point of view, among the mammalian
species, they could be either spontaneous or induced ovulators de-
pending upon the mechanism involved in the ovulation. In the case
of spontaneous class (e.g, human, sheep, cattle, horse, pigs, and
most rodents), the ovulation happens at the regular intervals and
is dependent on the level of circulating estradiol. But, in the case
of induced ovulation category (e.g., rabbits, ferrets, cats, and cam-
elids), the process of ovulation is highly correlated with the mating
by the male counterpart. In addition to auditory, visual, olfactory,
and mechanic stimuli, a biochemical component viz., Ovulation in-
ducing factor (OIF) present in the semen of male counterparts of

the induced ovulators is also responsible for the induction of ovu-
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lation. In camelids, when the seminal plasma(SP) is administered
either through intramuscular or intrauterine route, SP is capable
of inducing the preovulatory luteinizing hormone (LH) surge fol-
lowed by ovulation and subsequent formation of corpus luteum
[54].

Meriem and his team [55] concluded that the OIF is highly
abundant in dromedary camel seminal plasma and was identified
as a 3-Nerve Growth Factor “Cam-{3-NGF”. [t was also found out that
intramuscular administration of Cam-BNGF induces ovulation at
similar rates like GnRH. Additionally, the quantification of B-NGF
in seminal plasma and the relationship between its concentration
and sperm quality warrants further investigation. Being the in-
duced ovulator, the OIF from camel could be used for the induction

of ovulation in other common livestock species.

Camel rumen as a reservoir for the industrially important

microorganisms and novel enzymes

Owing to this beneficial nature of camel from the global warm-
ing point of view, it is speculated that the rumen of the camel could

possess different industrially important microorganisms.

Researchers at ETH Zurich and the University of Zurich have
measured methane production in three types of camelids with
the Zurich Zoo and private camel keepers and they reported that
camels release less methane when compared to sheep and cow
in relation to their body size. The results of Zurich researchers
showed that camel need less feed and release less methane than
our domestic ruminants and have a lower metabolism. The lower
metabolism of camels helps them to manage in areas with a short-

age of food - desert and barren mountain regions [56].

Similar to ruminants, camels also harbour diversified rumen
microbes such as bacteria, archaea, protozoa and fungi to assist the

degradation of the biomass from the plant sources [57].

St-Pierre and Wright [58] stated that in comparison to rumi-
nants, tylopods are well known to have higher productivity even
on the consumption of poor quality forages and lower emission
of enteric methane. As foregut fermenters, camels and ruminants
behave in the similar way from the physiological point of view but
in the anatomical feature of the digestive tract, tylopods differ in
possessing three chambered stomach instead of four chambered

stomach as in the case of ruminants.
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As far as the feeding behaviour of camel is concerned, camel is
primarily a browser and secondarily a grazer. Generally, dromedar-
ies graze a broad spectrum of fodder plants anging from thorny
bushes, halophytes and aromatic species, which are commonly ne-
glected by other plant eaters. Camels feed on a variety of plants

that usually afford balanced nutrients [4].

The glycoside hydrolases (GHs) harboured by the rumen of the
camels exhibited an average of 70% sequence homology with that
of bovine rumen carbohydrate-active enzymes (CAZymes) [59] and
this information led to the opinion that a number of the enzymes

would possess interesting biochemical properties.

Recently, Ghadikolaei and his team [60] cloned and character-
ized a novel cold adapted endoglucanase (CelCM3) from the mi-
crobes inhabitating the camel rumen. Surprisingly, the novel en-
zyme was having 50% activity at 4°C and exhibited resistance to
metal ions, non-ionic detergents, urea and organic solvents, pro-
moting its usefulness in the biochemical protocols, which warrant
cold temperature. These findings have motivated the researchers
that rumen of the camel would be the largest source novel enzymes
with an unknown utility which could be extrapolated for the bet-
terment of various biotechnological applications such as biofuel

and food processing industries.

Ariaeenejada and his team [61] produced a novel recombinant
thermostable xylanase enzyme; named PersiXynl using the DNA
template extracted from camel rumen metagenomic samples in E.
coli strains. The enzyme was having 80% of its maximum activity
in the pH 8 and temperature 40 °C for 1 h. This finding also proves
the usefulness of camel microbiome for discovering novel thermo-

stable enzymes with wide utility in agriculture and industries.

Pyrosequencing based metagenomics was applied to camel ru-
men sample. Taxonomic analysis of metagenomic reads revealed
that Bacteroidetes (55.5%), Firmicutes (22.7%) and Proteobacte-

ria (9.2%) phyla were the predominant camel rumen taxa [62].

Pyrosequencing of 16S rRNA gene amplicon was carried out
to find out the structure of the microbiome inhabiting the camel
rumen. Bacteroidetes (51%), Firmicutes (31%), Proteobacteria
(4.8%), Spirochaetes (3.5%), Fibrobacteres (3.1%), Verrucomi-
crobia (2.7%), and Tenericutes (0.95%) were the major genera.

Further analysis of microbial community using the solid and liquid
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fractions of rumen digesta showed that members of Fibrobacter,
Clostridium, Ruminococcus, and Treponema were prevalent in the
solid fraction, where as the enrichment of the members of Prevotel-
la, Verrucomicrobia, Cyanobacteria and Succinivibrio was observed
in the liquid fraction. These findings concluded that the microbes
possessed by the rumen of the camel were structurally identical
and compositionally different from that of cow. The reason for the
peculiar nature of the camel rumen microbes microbiome that dif-
ferentiated it from those of other ruminants was the significant en-

richment for cellulolytic bacteria [63].

Two cultures of anaerobic fungi were isolated from the rumen of
an Indian dromedary. Phylogenetic analysis was carried out based
on the internal transcribed spacer (ITS) and large-subunit (LSU)
regions of the rRNA locus. It was found out that these two fungal
isolates were identical at nucleotide level and formed a separate
clade within the anaerobic fungi (phylum Neocallimastigomycota).
But the analysis based on the morphology revealed that these fungi
were distantly related to Piromyces sp. and nearer to the polycen-
tric Anaeromyces clade, and therefore, new genus and species Oon-
tomyces anksri gen. nov., sp. nov. were assigned. This finding also
highlighted that this fungus could be a species specific i.e., camel
specific [64]. Rabee and his team [65] used an Internal Transcribed
Spacer 1 (ITS1) clone library to find out the anaerobic rumen fungi
in camel and to evaluate their potential to produce cellulase and
xylanase in vitro.

Hepcidin

The hepatocyte of the liver produce antimicrobial peptide and
is popularly known as Hepcidin. Hepcidin is a beta - defensin-like
peptide first identified in blood and human urine. Subsequently,
this peptide was found out in other vertebrates ranging from fish
to mammals including camel. This antimicrobial substance is a cat-
ionic peptide made up of 25 amino acids and plays a very impor-

tant role in iron metabolism.

Boumaiza and his team [66] were able to produce the cysteine
rich recombinant camel hepcidin in E. coli. Further, it was demon-
strated that in addition to low precipitation properties, steps in-
volved in the purification of camel hepcidin were minimal when
compared to that of murine and human pepcidin purification steps.
In the degradation of the iron exporter ferroportine expressed in

]774 mouse macrophages, camel hepcidin behaved in the similar
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was as that of human hepcidin. On the other hand, when compared
to pexiganan antimicrobial peptide, the camel derived hepcidin
was also equal in inhibiting the growth of Leishmania major. In-
spire of having the only difference in the composition of two amino
acids with mature human hepcidin, camel hepcidin would be good
enough in the improvement of the health status of human beings

ailing from iron disorders and Leishmaniasis.
Camel urine

One or the other way almost all the biological fluids from the
camel possess invariably unique medicinal value. Urine of the cam-

el is also not an exception to this fact.

Recently, Ahamad and his team [67] validated the anticancer
and antiplatelet activity of camel urine. It was found out that simi-
lar to cattle, sheep and goats, the metabolites such as canavanine,
were also excreted in the urine of camel but with high percentage.
Canavanine is an arginine analog and is a metabolite of amino acids
and urea metabolism. Canavanine is a potent inhibitor of cancer
cells where as benzenepropanoic acid exhibit the antiplatelet ac-
tivity of camel urine. The findings of this study highlight the medic-
inal value of bovine and cameline urine with extended biological

activities in the near future.
Camel as an ideal model in biomedical research

For the purpose of surviving in extremely harsh conditions hav-
ing long periods of water scarcity, high scorching temperatures
with direct sunlight in summer as well as very cold temperatures
in winter, the body of the camel would produce different kinds of
heat shock proteins viz., Hsp70 and 90[68], aB-crystallin (CRYAB)
and HSPA®.

Camel Hsp90 plays a vital role in cell growth and differen-
tiation, apoptosis, signal transduction, cell-cell communication as
well as the rescue of cell’s protein from the deleterious effects of

heat inactivation and denaturation [69].

aB-crystallin (CRYAB or HSPBS5) is also a kind of chaperone
produced upon stress, CRYAB was originally found out in the lens
and subsequently, it was seen in different tissues during heat stress
[70,71]. CRYAB acts by binding to partially unfolded proteins by
the mechanism of ATP-independent manner in order to keep such
proteins in liquid state and thereby preventing the aggregation of

the proteins at intracellular level [72].
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As far as HSPAG® is considered, it is a HSP70 chaperone that is
produced upon the extreme severe cellular stress. The function
of HSPAG6 is highly regulated and is a homologue of HSP70 [73].
Induction of HSPA6 has been employed as a tool for detection of
cytotoxicity [74,75].

When compared to human HSPA6, the formation of camel
HSPAG6 in the glycoform was very quick and stable under normal
and stress culture conditions. It was proposed that to escape from
the stressful environment, camelids have the mechanism of effi-
cient glycosylation of HSPA6 [76].

Yurinskaya and his team [77] concluded that the recombinant
forms of both human and camel HSP70 would have the potential
ability to alleviate endotoxin induced generation of reactive oxygen

species and inhibit the human neutrophil apoptosis.

Bou”aouda and his team [78] concluded that adaptive hetero-
thermy in the Arabian camel is nothing but the combination as well
as the interaction of three factors throughout the daily light-dark

cycle: heat stress, water restriction, and the level of food intake.

Therefore, camels are interesting species for studying specific
roles of not only HSP proteins relevant to normal cellular physiol-
ogy but also various unique and novel proteins expressed by them.
The novel proteins of camel origin would be exploited in transgenic

research.

Camel as food animal

Meat production from camel is becoming progressively impor-
tant because of its low fat content and relatively high polyunsatu-
rated fatty acid content [79].

According to Kurtu [80], camel meat is traditionally used as a
remedial measure to treat the ailments such as hyperacidity, hy-
pertension, pneumonia, and respiratory disease as well as an aph-

rodisiac.

Stable and acceptable camel meat emulsion could be prepared
from camel meat. Camel meat emulsion sausages would be consid-
ered as the ideal alternative for beef particularly in Asian and Afri-

can countries [81].
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Camel meat is also equally comparable with other red meats
(beef, mutton, chevon and chicken) possessing high water content,
low fat & ash and equal level of protein [79]. As far as the mineral
content is considered, camel meat and the other four red meats had
the equal level of mineral with the exception of more sodium in the
camel meat [82]. The ratio of essential amino acids to non-essential
amino acids in the camel meat was also equally comparable with
that of beef, mutton and chevon [83].

Kadim and his team [84] concluded that the shoulder muscles
had better quality attributes than leg muscles. Longissimus thora-
cis muscle proved to be one of the best quality muscles for market-
ing.

Consideration and Conclusion

Camel thrives under harsh conditions and adapts itself to cli-
mate change, makes camel as a unique animal. Camel milk, meat,
urine and seminal plasma has lot of medicinal properties and camel
as an animal serves as model for studying innate immune response
and host for antivenom production. Fermented camel milk has pro-
biotic potential and rumen microbes of camel produce industrially
important enzymes. Hence there is an increasing demand for camel
products and camel. Much attention has not been paid on camel
research and camel rising. Hence multidisciplinary research and
holistic approach is needed to elucidate the medicinal and indus-
trial potential of camels. In future there will be increased demand
for camels when compared to other livestock species, therefore it is
essential to understand the farming conditions of camel and their
meat and milk production. Commercial dairies have to be raised for
processing camel milk. When many animals can be farmed camels

can also be commercially farmed.
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