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Camel milk (CM) has been found to have several health benefits, including antiviral,
antibacterial, anti-tumor, anti-fungal, antioxidant, hypoglycaemic and anti-cancer activities.
In addition, CM can counter signs of aging and may be a useful naturopathic treatment for
autommune diseases. The composition of CM varies with geographic origin, feeding
conditions, seasonal and physiological changes, genetics and camel health status. In the
present review, we collate the diverse scientific literature studying antioxidant, anti-
inflammatory and immunomodulatory effects of CM and its bioactive compounds. The
databases Scopus, PubMed, and Web of Science were searched until the end of
September 2021 using the keywords: camel milk, antioxidant, anti-inflammatory,
immunomodulatory. The anti-inflammatory mechanism of CM in various inflasmatory
disorders was consistently reported to be through modulating inflammatory cells and
mediators. The common anti-inflammatory bioactive components of CM seem to be
lactoferrin. The antioxidant effects of a-lactalbumin, B-caseins and vitamin C of CM work
by reducing or inhibiting the production of reactive oxygen species (ROS), hydroxyl radicals,
nitric oxide (NO), superoxide anions and peroxyl radicals, likely alleviating oxidative stress.
Higher levels of protective proteins such as lysozyme, IgG and secretory IgA compared to
cow’s milk, and insulin-like protein activity of CM on 3 cells appear to be responsible for the
immunomodulatory properties of CM. The evidence indicates that CM and its bioactive
components has the potential to be a therapeutic value for diseases that are caused by
inflammation, oxidative stress and/or immune-dysregulation.

Keywords: anti-inflammatory, antioxidant, camel milk, immunomodulatory, treatment

INTRODUCTION

Camels are capable of producing 4 to 30 litres of milk per day in unfavourable conditions such as
extreme temperatures, lack of pasture, and lack of water (1). Their lactation period is between 9 to
11 months with a maximum lactation of 2 to 3 months. Hence, in many arid and semi-arid regions
of the world, camels are a primary source of milk and meat (1). In fact, camel milk (CM) is one of
the most essential components of the human diet in these areas (1).
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Through their consumption of CM, people in arid regions are
aware of the health benefits (2), as well as the nutritional benefits
of CM, and often refer to CM as white desert gold. CM is used to
treat various infections, jaundice, asthma and high blood
pressure (3), and is also known to positively regulate blood
sugar levels (4), including in patients of diabetes (5).

Moreover, CM is known to have antiviral, antibacterial, anti-
tumor, anti-fungal, antioxidant, hypoglycemic and anti-cancer
activities, prevents the effects of aging on health and reduces the
symptoms of autoimmune diseases (6, 7). CM also affects
numerous biological activities such as metabolic responses to
absorb nutrients, digestion, growth and development of specific
organs and disease resistance (8). Protective proteins in CM are
key to boosting the body’s immune defense mechanisms,
particularly antibacterial and antiviral activity (9). For example,
antimicrobial activity of CM is related to high levels of protective
proteins such as lactoferrin (Lf), immunoglobulin (Ig) IgGs,
lactoperoxidase, lysozyme, peptidoglycan recognition protein-1
(PGRP-1) and other enzymes (9, 10).

Although there isa significant body of research into the potential
health benefits of CM, an in-depth review into the biological
mechanisms of CM therapeutic effects has not been published.
Here, we describe in detail the composition of CM and then discuss
the research findings into the anti-inflammatory, antioxidant and
immunomodulatory effects of CM.

METHODS

The databases Scopus, PubMed and Web of Science were
searched using the keywords: camel milk, antioxidant, anti-
inflammatory and immunomodulatory, including studies up to
the end of September 2021.

For inclusion of papers in the current review, the eligibility
criteria were (1): in vitro, animal and clinical trials that
investigated (2) the supplementation of CM and its dosage
(3), treatment of CM alone or in combination with other
compounds and (4) the antioxidant, anti-inflammatory and
immunomodulatory effects of CM.

The exclusion criteria in this review were (1): the absence of
CM supplementation alone or in combination with other
compounds or studies that investigated (2) other health
benefits of CM outside of its antioxidant, anti-inflammatory
and immunomodulatory properties. Articles in a language
other than English were also excluded.

In total, 175 articles were selected and 96 (16 reviews, 2 book
chapter and 78 original articles) were included in this review
because 79 articles were duplicates. The article searching
flowchart is shown in Figure 1.

THE COMPOSITION OF CM

CM tends to have a matte white color, is sweet in taste, although
sometimes salty, and has a sharp smell (11). The salty taste of CM
is due to the high levels of chloride and the significant amount of

iron, copper and phosphorus (12). The composition of CM
varies between geographic locations and other factors such as
stage of postpartum, feeding conditions, seasonal and
physiological changes, individual genetics and health status.
Nonetheless, the macro-composition of CM is 86.3-88.5%
water, 2.9-5.5% fat, 2.5-4.5% protein, 8.9-14.3% milk solids,
0.35-0.95% ash and 2.9-5.8% lactose (13). The composition of
milk in different species (%) is shown in Table 1.

Maintenance of CM quality is associated with the enzymes
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma glutamyl transferase (y-GT), acid phosphatase
(ACP), alkaline phosphatase (ALP) and lactate dehydrogenase
(LDH). In addition, CM lysozyme proteins, including Lf,
lactoperoxidase and PGRP increase the half-life of CM.

Protein

Proteins are an important component of CM and contribute
significantly to its nutritional value. The proteins present in CM
are diverse and differ in both composition and therapeutic
properties (15). CM contains 3.73 - 3.89% total protein, which
is a mixture of casein and whey protein (16). The most important
protein group in CM is casein (52-87% of total protein), which
consists of four main sub-types: o casein (22%), O, casein
(9.5%), B-casein (65%), and K-casein (3.5%) (12, 17). The oy,
casein complex (lacking in human milk) is a major cause of milk
protein allergies and is much more abundant in cow and buffalo
milk (18) compared to CM.

Whey protein is 20 to 25% of the total protein of CM (19) and
includes o-lactalbumin (o-La), serum albumin, lysozyme, Lf,
peptide glycan detection proteins, lactoperoxidase and Ig. Beta-
lactoglobulin (B-Lg) is the main whey protein (55%) and o.-La is
the second most abundant (20%) in cow milk. In camel and
human milk, o-La is the major component of whey protein (20).
In addition, CM, like human milk, lacks 3-Lg, which is one of the
most crucial proteins behind milk allergies. Like cow milk, the
major whey protein in buffalo, sheep and goat milk is $-Lg (20).

CM also has insulin/insulin-like proteins that regulate the
activity of immune response B cells, as well as having a
therapeutic effect on blood sugar.

Bioactive Native Proteins

Various immunoglobulins, including IgM, IgG, IgA and even IgD
are found in CM (21). Immunoglobulins protect against bacterial
and viral infections, including tuberculosis (22). Immunoglobulins
that are involved in fighting against infections are among the native
proteins of CM but not abundantly present in the milk of other
mammalian species such as goats, buffalo, cattle, sheep and humans.
CM contains the highest level of IgG (1.64 mg/ml) (23). The
immunoglobulins in CM are one-tenth the size of human
antibodies and are easily absorbed from the intestine into the
general circulation. Therefore, CM immunoglobulins can reach
tissues and cells that human immunoglobulins cannot (24).

One of the glycoproteins in CM is Lf (0.22 mg/ml), which is a
lot higher compared to goat, sheep, buffalo and cow milk (25). Lf
has been demonstrated to have antioxidant properties and is also
used to transport and store iron. Lf levels decrease during the
period of milking (26) and the highest levels are observed 2 days
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Included

Review Articles: 19
Book Chapter: 2

Conference: 3
Original Articles: 111

FIGURE 1 | Flowchart of searching and selecting articles for the current review.

postpartum. Lf is a protective protein of CM as it prevents the
proliferation of pathogens and microbes (27).

LIPIDS

The fat content of CM is 2.6 to 3.2% (28). The white color of CM
is due to the lower concentration of carotene in fat (29). CM fat
contains lower concentrations of short-chain fatty acids (30) and
higher concentrations of long-chain fatty acids (31) compared
to cow milk, and this also raises the melting and freezing point.

CM also contains more cholesterol (34.5 mg/100 g) than cow
milk (25.63 mg/100 g) (32).

The main source of energy in milk is fat, and fat molecules range
in size from 0.1-18 micrometers in diameter (33). Lipids include
phospholipids (25%), cerebrosides (3%) and cholesterol (2%), and
make up 30% of the cell membrane. Proteins make up 70% of the
remaining membrane. Each fat unit consists of a triglyceride
nucleus and a natural biological membrane that contains
cholesterol, enzymes, glycoproteins, and glycolipids (34).

TABLE 1 | Compositions of camel milk (%) (14).

Species Fat Protein Lactose Ash Total Solids
Camel 4.9 3.7 5.1 0.7 14.4
Cow 4.5 3.8 4.9 0.72 13.9
Buffalo 7.6 3.8 4.9 0.78 17
Ewe 5.3 5.5 4.6 0.9 16.3
Goat 3.5 3.1 4.6 0.79 12
Mare 1.6 2.7 6.1 0.51 11
Ass 1.2 1.7 6.9 0.45 10.2
Reindeer 18 11 15 - 33
Elephant 15.1 4.9 3.4 0.76 26.9
Women breast milk 4.5 1.1 6.8 0.2 12.6
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CM contains conjugated linoleic acid (CLA) that improves the
plasma LDH/high-density lipoprotein (HDL) ratio by lowering
the levels of triglycerides. In bone tissue, the production of anti-
inflammatory cytokines and changes to the concentration of
insulin-like growth factor can be stimulated by CLA and results
in bone formation (35), muscle mass increased (36, 37) and
subcutaneous fat decreased (38).

Minerals And Vitamins

Calcium, phosphorus, sodium, potassium, chloride, iodine,
magnesium and a small amount of iron are among the
minerals that are found in CM (15, 39), which are expressed as
whole ash (0.82-0.85%) (24). The amount of iron, zinc and
copper in CM is higher than in cow milk (40).

Factors such as breed, nutrition, water consumption and
analytical methods can change the mineral content of CM (41,
42). Camels usually graze on halophilic plants rich in chloride
such as Atriplex, Salosa and Acacia (12) to meet their
physiological salt needs (43).

Water-soluble and fat-soluble vitamins are present in CM. CM
contains vitamins C, A, E, D and group B (41, 44). The
concentration of vitamin C in CM (34.16 mg/L) is 2 to 3 times
higher than in cow milk (44) and 6 times higher than in human milk
(15). The vitamin C content of CM causes a low pH and as a result, it
makes the milk stable and it can be kept fresh for a longer time.
Vitamin C has strong antioxidant activity in CM (45). CM
colostrum contains more vitamins A, E and Bl than adult CM
(29). The composition of camel milk is summarized in Table 1.

RESULTS

Anti-Inflammatory Effects

Antimicrobial, antioxidant, antihypertensive, anti-inflammatory
and immune system modulatory activities of CM are linked to its
bioactive components (46) such as, vitamins C, A, and B2. CM
has anti-inflammatory effects (46) in some infectious diseases,
including infection induced by hepatitis C virus (46).

The main components of CM, such as lysozyme, Lf and
lactoperoxidase are important in the treatment of some
inflammatory diseases, including hepatitis, allergies, lactose
intolerance and liver damage caused by alcohol in some
parts of the world. In addition, the therapeutic benefits of CM
in inflammatory diseases may relate to CM antibodies that
regulate the immune system (47). Lf in CM has potent
antimicrobial and anti-inflammatory activity, this includes
improvement of maturation and function of lymphocytes (27).
One of the most important immuno-modulatory cytokines is
tumor necrosis factor-o. (TNF-a), which enhances the
inflammatory response by stimulating the production of
reactive oxygen species (ROS), arachidonic acid metabolites,
proteases, and some cytokines (48). When inflammatory cells
(neutrophils, macrophages, and lymphocytes) are activated, they
create oxidative stress by producing ROS such as superoxide
anions, hydrogen peroxide, and hydroxyl radicals (48). CM
consumption reduces oxidative stress produced by the immune

system’s anti-inflammatory response. This section provides
details of key animal and clinical studies of the anti-
inflammatory properties and mechanisms of CM. The anti-
inflammatory effects of CM are shown in Table 2.

Anti-Inflammatory Effects of CM, Animal Studies
Administration of CM (33 ml/kg) in rats, inhibited the
inflammation and paw edema caused by injection of acetic acid.
In a rat model of rheumatoid arthritis (RA), the inflammatory
inhibition effect of CM was shown after administration of CM
(10 ml/kg orally for 3 weeks) demonstrated by a reduction of the
index of osteoarthritis, paw edema and gait score, along with the
migration of inflammatory cells to the dorsal sac and increased
interleukin (IL)-10 in rat serum (50). This study shows the
potential of CM as a supplement in the management of RA (50).
The anti-inflammatory effect of CM (25, 50 and 100 mg/kg/day for
14 days) in a angiogenesis mouse model was demonstrated by a
reduction of collagen deposition, decreased vascular endothelial
growth factor (VEGF) levels, reduced vascular (content Hb) and
macrophage uptake (NAG activity) and IL-1f, IL-6, and IL-17
levels (51). Therefore, inflammatory angiogenesis was inhibited by
down-regulation of pro-angiogenic and pro-inflammatory
cytokines when mice were treated with CM. CM decreased
MPO and NAG activities. In addition, CM reduced the wet
weight of the implant by reducing the density of fibrovascular
tissue induced by the sponge matrix, and by reducing the number
of fibroblasts and mononuclear cells accompanied by less
arteries (51).

Treatment of type 2 diabetic rats induced by intraperitoneal
(i.p.) injection (58) of streptozotocin (STZ) with CM (35 ml/rat/
day), reduced the level of transforming growth factor beta 1 (TGF-
1) which indicate anti-inflammatory activities. Production of pro-
inflammatory cytokines (TNF-ar) and increased IL-13/18 ratio in
diabetic inflammation in differentiated ThP1 cells were significantly
decreased by application of total lipids (TL) and total fatty acids
(TFA) derived from CM. The expression of p50/p65 sub-units
of NF-xB and nucleotide-binding oligomerization domain-
like receptor family pyrin domain containing-3 (NLRP3) were
regulated, but the expression of regulatory cytokines IL-10 and
IL-1 receptor antagonist (IL-1Ra) and cluster of differentiation 163
(CD163)-shifting cells towards an M2 macrophage phenotype were
increased by TL. These findings indicate that CM can modulate of
the expression of inflammatory regulators such that inflammation
isreduced (53). Treatment with camel whey protein (CWP, 100 mg/
kg at 250 pl/day for 1 month) of mice with type 1 diabetes (T1D),
decreased apoptosis and the distribution of T cells and B cells in the
spleen and thymus, but phosphorylation of protein kinase B (AKT)
and IxB-o were increased by CWP. Treatment with CM denatured
whey proteins (DMWP, 100 mg/kg for five weeks) on STZ-induced
T1D rats decreased mRNA expressions of interferon gamma (IFN-
v) but increased IL-2 and their protein levels (55).

In Balb/c mice with colon cancer, CWP treatment reduced
the expression of the inflammatory cytokines, IL-6 and IL-8
genes in colon tissue, reduced bloody stools and diarrhea,
increased weight and reduced inflammation of the large
intestine, thereby reducing the early stages of colorectal cancer
(CRC) symptoms. The proliferation and differentiation of
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TABLE 2 | Anti-inflammatory effects of camel milk.

Agent

CM
CM

CM

CM

Total lipid and fatty
acids

C whey protein
Un-denatured whey
proteins

C whey protein

CM

CM

CM

CM

Fermented CM

CM

Lactic acid bacteria

CM

CM
CM

CM
CM
CM

CM

Effects

Inhibited the volume of edema

Reduced the index of osteoarthritis, paw edema and gait score, increased IL-10
serum

Decreased inflammatory angiogenesis, the collagen deposition and VEGF levels

Reduced TGF-B1
Decreased IL-1B/18, regulated the expression of p50/p65 NF-xB subunits

Reduced apoptosis, T and B cells distribution (spleen and thymus), increased AKT
and IkB-o. phosphorylation
Decreased IFN-y and increased IL-2

Reduced IL-6, IL8, bloody stools, diarrhea, weight, and large intestine inflammation

Improved leukocyte infestation, pathological changes, MPO and caspases-3
activities

Decreased CD8+ T cells, increased CD4+ T and CD44+ CD4+ cells

Reduced ulcers number, ulcers length, ulcer index and the volume of gastric juice
Reduced IL-1B, increased IL-10

Reduced CRP and IL-18

Reduced IL-6 expression

Decreased in IL-6

Increased IL-10, DOPA and AChE, improved sensorimotor function and impaired
memory

Reduced IL-1B in lung tissue and neutrophil infiltration

Inhibited MPO, IL-1B, IL-18 and MCP-1

Decreased renal inflammation

Inhibited single-cell chemotactic protein, hyaluronic acid and TGF-b1 serum levels

Decreased IL-4, increased IFN-y

Decreased serum TARC

Model of study Doses Ref.
Rats, paw edema 33 mikg (49)
Rats, RA 10 mi/kg orally, 3 weeks (50)
Albino Swiss mice 25-100 mg/kg/day, 14 (51)

days
Rats, T2D 35 ml/rat/day (52)
In vitro diabetic - (53)
inflammation
T1D, Mice 100 mg/kg at 250 ul/day,  (54)
1 month
T1D rats 100 mg/kg/day, 5 weeks  (55)
Balb/c mice with colon - (56)
cancer
Rats with TNBS-induced 10 mi/kg (57)
colitis
Mice model of ACC 2 g/kg/day in 200 pL (58)
Rats, gastric ulcers 5 ml/kg (59)
C57BL/6J mice 0.4 ml/day, 14 days, (60)
HFD-induced ... inrats - 61)
Liver injury, rats 100 ml/day 62)
Acute liver damage, for 7 weeks (63)
mice
FNP-induced 2 ml/rat/day (64)
neurotoxicity in rats
Rats, ARDS 10 ml/kg (65)
A model of renal toxicity 10 mi/kg p.o. (66)
in rats
Cyclosporine-induced Rl 10 ml/kg, 3 weeks 67)
in rats
Hepatitis C infected 5 L/week, 2 month (68)
patients
Chronic hepatitis - (69)
Patients
Double-blind in autism 500 ml/day (70)

patients

ACC, Acute and chronic colitis; AChE, Acetylcholinesterase; AKT, Protein kinase B; ARDS, Acute respiratory distress syndrome; CM, Camel milk; CRP, C reactive protein; DOPA,
Dopamine; FNP, Fenpropathrin; IFN-y, Interferon gamma; |xB-c, Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor-alpha; IL, Interlukin; MCP-1, Monocyte
chemoattractant protein-1; MPO, Myeloperoxidase; NF-«kB, Nuclear factor-kappa B; RA, Rheumatoid arthritis; TARC, Thymus and activation-regulated chemokine; TGF-p1,
Transforming growth factor-betal; TNBS, Trinitrobenzene sulfonic acid; T1D, Type 1 diabetes, T2D, Type 2 diabetes; VEGF, Vascular endothelial growth factor; HFD, High-fat diet;

RI, Renal injury.

proinflammatory cells are decreased by CM, and CM regulated
the number of anti-inflammatory cells in the rat colon and
hence reduced the symptoms of colitis (52). In addition, colitis
induced by chemical stimuli was also reduced by CWP. CM
whey increased the regulation of the IL-10 gene, which can lead
to a significant reduction in the number of lumps and symptoms
of colitis (56). Further, pre-treatment of CM (10 ml/kg, orally)
of rats with colitis induced by trinitrobenzene sulfonic acid
(TNBS), suppressed the severity of intestinal damage, improved
the weight/length ratio of the large intestine, leukocyte
infestation, macroscopic damage, histopathological changes,
myeloperoxidase activity and the activity of apoptotic marker
(caspases-3) (57) In IBD, mainly leukocyte uptake by TNF-o
and ROS was observed through the increased expression of P-
selectin, ICAM and MAdCAM-1 adhesive molecules in the
colonic mucosa. Inhibition of TNF-o and oxidative stress by
CM reduced the leukocyte influx (71, 72). In addition, in a
mouse model of sulfate (DSS)-induced acute and chronic colitis,

treatment with CM (2 g/kg B.W in 200 uL DDW/day) reduced DSS-
induced damage to the colon mucosa and immune cell imbalance
(73). Moreover, administration of CM decreased the percentage of
CD8+ T cells but increased CD4+ T and CD44+ CD4+ cells.
Opverall, CM-treated animals had a lower disease activity index
(DAI) and histopathological score compared to untreated mice
(58). These results indicate that CM could be considered as a
complementary therapeutic approach for inflammatory bowel
disease (IBD). Direct inhibition of infection by an attack of
pathogens occurs with Lf and CM lysozyme, which enhances the
local Thl response. Therefore, the host’s important defense
approach against bacterial infections by the function of the
immune regulator is strengthened (54, 74, 75).

Treatment of ethanol and aspirin-induced gastric ulcers with
CM (5 ml/kg B.W) reduced the number of ulcers, average length
of ulcers, ulcer index and the volume of gastric juice in
comparison to control animals, demonstrating the protective
effects of CM against gastric ulcers in rats (59). The anti-
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inflammatory effects of CM has also been demonstrated in
radiation-induced intestinal damage in C57BL/6] mice. The
results showed that treatment with CM (0.2 ml twice daily for
14 days by gavage) reduced serum levels of IL-1f, reduced the
radiation injury score (RIS) and increased IL-10 levels.
Furthermore, intervention with CM regulated the intestinal
protein expression of the HMGBI1/toll-like receptor-4 (TLR)
pathway, TLR4, nuclear factor kappa B (NF-xB) and HMGB1).
In addition, CM protected animals against jejunum damage
caused by radiation by regulating the inflammatory signaling
pathway: HMGB1/TLR4/NF-kB/MyD88 (60), Activation and
release of HMGB1 occur through activation of immune cells
and inactivation of necrotic and damaged cells, respectively. As
an inflammatory agent, HMGB1 exerts a set of cellular regulatory
functions (including maturation, proliferation, motility,
inflammation, survival, and cell death) after release into the
extracellular space and interacting with a large panel of cell
surface receptors (76-79). Furthermore, HMGBI secretes direct
proinflammatory cytokines by binding directly to TLR4. The
effect of fermented CM (FCM) on inflammation associated with
a high-fat diet in albino rats reduced IL-1f8 and C reactive protein
(CRP) (61).

Pre-treatment with CM (100 ml/day) of rats with liver injury
induced by Escherichia coli (E. coli) and Staphylococcus aureus (S.
aureus), before injection of E. coli and S. aureus, reduced IL-6
expression, lipid peroxidation, antioxidant defense system activity
and immune cytokines (62). Administration of six strains of lactic
acid bacteria (LAB) from CM for 7 weeks in animals with acute
liver damage caused by LPS/D-galactosamine (D-GalN),
significantly decreased IL-6 levels compared to controls. In this
study, 107 LAB strains were identified and isolated from
Mongolian CM products. Thirty-six Lactococcus bacteria
belonging to 8 different species and 71 Lactobacillus bacteria
belonging to 9 different species were identified and six LAB
strains were studied. The studied bacterial species were WXD5
(Lactobacillus (L.) paracasei subsp. paracasei), WXD30 (L. casei),
WXD55 (L. plantarum subsp. argentoratenis), WXD100
(L. plantarum subsp. argentoratenis), WXD101 (L. plantarum
subsp. argentoratenis), WXD106 (L. plantarum subsp.
argentoratenis) (63). The anti-inflammatory activity of CM was
also effective in a neurotoxin model with fenpropathrin (FNP) in
rats. In this study, treatment with CM (2 ml/rat/day) increased IL-
10, improved sensorimotor function, impaired memory and
exploration, and increased dopamine (DOPA) and
acetylcholinesterase (AChE) levels (64). By protecting areas of the
brain against FNP-induced damage, CM enhanced sensorimotor
function (80). The presence of high amounts of copper, zinc,
magnesium, vitamins E and C (81) has led to the beneficial role
of CM in maintaining sensory-motor balance (82, 83).

In rats with lipopolysaccharide (LPS)-induced acute
respiratory distress syndrome (ARDS), CM (10 ml/kg of BW)
showed anti-inflammatory effects by reducing the amount of
pro-inflammatory cytokines, IL-10 and IL-1f in the lung tissue,
mitogen-activated protein kinase signaling pathways, alveolar
wall thickness, lung injury scores, interstitial and intra-alveolar
edema. Also, the LPS-induced increase in neutrophil infiltration

was significantly reduced in CM-treated animals compared to
controls (84).

Interestingly, the inhibitory effect of CM on carcinogenicity is
mainly due to its derived exosomes. In addition, in tumor tissues,
CM and especially its exosomes reduced the genes associated
with inflammation including IL1B and NFkB, which express the
anti-inflammatory effects of CM and its exosomes (85).

In a rat model of renal toxicity, administration of CM (10 ml/kg,
p-0.), suppressed renal inflammation by inhibiting myeloperoxidase
(MPO), IL-1B, IL-18 and monocyte chemoattractant protein-1
(MCP-1) (66). Moreover, administration of CM (10 ml/kg/day of
CM for 3 weeks) on cyclosporine-induced renal injury in male
Wistar rats, markedly reduced the cancers, indicated by improving
serum creatinine and blood urea nitrogen (BUN) levels, as well as
kidney injury molecule-1 (KIM-1). As a result, CM decreased renal
inflammation by the anti-inflammatory pathway of p38/
extracellular signal-regulated kinases (ERK)/c, Jun N-terminal
kinases (JNK) and mitogen-activated protein kinases (MAPK) (67).

Anti-Inflammatory Effects of CM, Clinical Studies
Interestingly, treatment of patients with hepatitis C virus with 5
litres of fresh CM/week for 2 months, reduced serum levels of
pro-inflammatory markers including single-cell chemotactic
protein, hyaluronic acid, MCP-1 and TGF-B1. These results
indicated the therapeutic effect of CM on naturopathic
condition (68).

In a double-blind randomized clinical trial (RCT), the effect of
CM (raw, boiled, 500 ml/day) on patients with autism was
evaluated (70). Thymus and activation-regulated chemokine
(TARC) serum levels significantly decreased (P = 0.004) in
boiled CM and in raw CM group (P = 0.001). Furthermore,
the childhood autism rating scale (CARS) score were significant
improved (P = 0.04) only in raw CM group (70).

Antioxidant Effects

To maintain cellular homeostasis, biological systems produce
ROS which mediate the synthesis of various substances including
hydroxyl radicals, NO radicals, superoxide anions, and peroxyl
radicals (86). While excessive production of free radicals may
lead to damage to deoxyribonucleic acid (DNA), proteins and
lipids (87), the body’s natural antioxidant system is able to
eliminate these free radicals (88). The exogenous antioxidant
property of CM was demonstrated in several studies by reducing
oxidative stress (27, 89, 90). It is proposed that the higher
antioxidant activity of CM is likely to be due to the 6.7 times
more vitamin C in fresh CM than fresh cow milk, and in addition
to the presence of other antioxidant components such as caseins,
LABs, bioactive peptides, whey proteins, and especially
lactoferrin (91, 92). The antioxidant effects of CM are shown
in Table 3.

Antioxidant Effects of CM, Animal Studies
The antioxidant activity of CM was evaluated using the Trolox
equivalent antioxidant capacity scale (TEAC). The antioxidant
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TABLE 3 | Antioxidant effects of Camel milk.

Agent Effects

CM Increased ACE inhibitor activity

CM casein Inhibited ABTS, DPPH and FRAP activities

CM non-fat powder  Increased the antioxidant activity

CM Increased SOD and CAT in liver homogenates

CM Reduced lipid peroxide and NO, increased GSH and TAC
in serum

Fermented CM Improved the activities of SOD, CAT, GPx

CM and its Reduced MDA and iNOS, increased SOD, CAT and GPx
exosomes activities

CM protein Reduced MDA and GSH, improved SOD activity
hydrolysates

CM peptide Increased SOD, CAT and GSH, decreased MDA

CM Reduced MDA, increased SOD and CAT

CM Decreased MDA, increased CAT, GR and SOD

CM Increased SOD, CAT and GSH

CM protein Decreased ROS and ATF-3 expression

CM Reduced MDA, increased GST and SOD

CM Inhibited MDA and MPO, restructured SOD and GST

activities
Increased SOD, GPx, CAT and GSH in the liver,
decreased MDA

Fermented CM

CM Reduced hepatic MDA and increased TAC

CM Increased GSH and CAT, decreased MDA

C Lactoferrin Decreased NO

CM Reduced lipid peroxides and NO

CM Increased SOD and GSH, decreased MDA

CM Reduced NO, MDA, MPO and caspase-3

CM Reduced MDA, MPO and TAC in lung tissue

CM Suppressed oxidative stress, improved GSH, SOD, GPx
and TAC

CM Reduced MPO activity

CM Increased SOD and CAT activities

CM Increased SOD, CAT and GSH activities

CM Reduced TBARS and HP, increased GSH, SOD and CAT
activities

CM Increased in plasma levels of GSH, SOD, decreased MPO

Model of study Doses Reference
TEAC - (93)
ABTS, DPPH and FRAP method - (94)
ABTS, DPPH and FRAP method - (95)
CYP-induced leukopenia in mice 2 ml/day for 10 days (96)
RA model of rat 10 ml/kg, 3 weeks (50)
Mice heart tissue exposed to CCl4 100 mg/kg (10)
Rats and MCF7 breast cancer cells 1 ml/rat, orally (85)
Diabetic rats 100,-1000 mg/kg, 8 weeks 97)
Diabetic rats 25 mg/kg, 7 days (74)
Rabbits model of diabetes 7 mli/kg, 4 weeks (98)
Rat model of diabetes - (47)
STZ -induced DM in rats 50 ml/day, 8 weeks (99)
Mice model of TID 100 mg/kg at 250 ul/day, 1 (54)
month

Rats model of liver disease 100 ml/day (62)
GM-induced liver damage in rats 5 ml/rat/day (100)
CCl4 liver damage in mice - (101)
Alcohol-induced hepatotoxicity, rats 2 ml/day (102)
Rats with NAFLD 50 ml/day, for 8 weeks (103)
HCT-116 colon cancer cells - 27)
Rats model of IBD 20 mi/kg/day gavage (57)
C57BL/6J mice 0.4 ml/day, 14 days (60)
FNP-induced neurotoxicity in rats 2ml/day (64)
Rats model of ARDS 10 ml/kg/day (65)
5-FU-induced renal toxicity in rats 10 mi/kg p.o. (66)
Cyclosporine-induced kidney damage 10 ml/kg/day, 3 weeks, 67)
in rats gavage

CdCly-induced toxicity in rats 2 ml, 21 days (84)
CdCly-induced HMIA in rats - (104)
AICI3-induced oxidative stress rat 1 ml, 30 days (105)
Double-blind RCT in ASD patients 500 ml/day, 2 weeks (106)

ABTS, 3-ethylbenzthiazoline-6-sulphonic acid; AICls, Aluminum chloride; ARDS, Acute respiratory distress syndrome; ASD, Autism spectrum disorder; CM, Camel milk; CCl4, Carbon
tetrachloride; CYP, Cyclophosphamide; DN, Diabetic nephropathy; DPPH, 2,2-diphenyl-1-picryl-hydrazyl-hydrate; FRAP, Ferric reducing antioxidant power; GM, Gentamicin; GPX,
Glutathione peroxidase; GR, Glutathione reductase; GSH, Glutathione; GST, Glutathione transferase; HP, Hydroperoxide; IBD, Inflammatory bowel disease; iINOS, Inducible nitric oxide
synthase; MDA, Malondialdehyde; MPO, Myeloperoxidase; NAFLD, Nonalcoholic fatty liver disease; NO, Nitric oxide; NOX-1, Nicotinamide adenine dinucleotide phosphate oxidase; RA,
Rheumatoid arthritis; SOD, Superoxide dismutase; TAC, Total antioxidant capacity; TNBS, Trinitrobenzene sulfonic acid; CdCl., Cadmium Chloride; HMA, Hypocromic microcytic anemia;

TEAC, Trolox equivalent antioxidant capacity.

and the angiotensin-converting enzyme (ACE) inhibitor activity
of camel total casein and camel P-caseins, increased after
enzymatic hydrolysis. In fact, the produced peptides start to
act as natural antioxidants and ACE-inhibitors when CM is
consumed and digested. CM also possesses antioxidant and
protective activity by preventing damage to skin (dryness
and wrinkles) by slowing down the production of free radicals
(93). Moreover, the antioxidant activity of casein hydrolysates of
CM has significant inhibitory activity in ABTS, 2,2-diphenyl-1-
picryl-hydrazyl-hydrate (DPPH) and ferric reducing antioxidant
power (FRAP) assays (94). Hydrolysis conditions and enzymes
used affect the DPPH radical scavenging activity of the whey
protein hydrolysate (95). The antioxidant activity of CM non-fat
powder (NFCM) using ABTS, DPPH and FRAP methods,
showed remarkable antioxidant activity (96).

In addition, in mice with cyclophosphamide (CYP)-induced

leukopenia, CM (1 ml, twice daily for 10 days) increased the
levels of superoxide dismutase (SOD) and catalase (CAT) in liver
homogenates, acting as an immune system booster (107).
Interestingly, the neutrophil function was improved in older
mice by CM protein (108). In a RA rat model, CM (10 ml/kg
orally for 3 weeks) decreased the lipid peroxide and NO
production and increased serum levels of glutathione (GSH)
and TACh (50).

The cardio preventive potential of FCM by Lactococcus lactis
subsp cremoris (FCM-LLC, 100 mg/Kg/day, for 15 days) against
the toxic effects of acute exposure of heart tissues of mice to
carbon tetrachloride (CCl4), improved SOD, CAT and GPx
activities, oxidative stress and attenuated cardiac toxicity (109).
Due to the presence of high amounts of antioxidant compounds
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including oligosaccharides, vitamins, bioactive peptides and
conjugated linoleic acid, fermented CM showed antioxidant
effects on heart tissue (110). Further, high levels of magnesium
in fermented CM (111) plays an important role in GSH
biosynthesis (112) and therefore reduces oxidative stress. In
addition, Vitamin C prevents cell damage by scavenging free
radicals (113).

Both an in vitro and in vivo study on MCF7-induced breast
cancer cells in rat showed CM treatment reduced malondialdehyde
(MDA) levels and inducible nitric oxide synthase (iNOS) gene
expression. In addition, SOD, CAT and GPX activities were
increased (85) leading to significant inhibition of oxidative stress.

Furthermore, the effect of CM protein hydrolysate treatment
(CMPH, 100, 500 and 1000 mg/kg BW, for 8 weeks) in STZ-
induced diabetic rats was associated with inhibition of oxidative
stress by reducing the content of MDA and GSH levels and a
significant improvement in SOD activity (97). The antioxidant
effect of peptides extracted from CM (CMP, 25 mg/kg B.W for 7
days) on diabetic rats, significantly increased the levels of SOD,
CAT and GSH but decreased the level of lipid oxidation. The
antioxidant potential of CMP has been proven based on its ability
to restore the natural state of redox with a single dose, but further
investigation is needed to support this claim (74). Administration
of CM (7 ml/kg for four weeks) compared with insulin therapy in
experimental diabetes in rabbits, significantly reduced MDA serum
levels compared to the insulin group. In addition, the levels of SOD
and CAT in the CM-treated group were significantly higher than
the untreated group (98). High levels of vitamin C and minerals
including copper, potassium, sodium, zing, iron and magnesium in
CM resulted in a strong antioxidant effects of CM in the fight
against free radicals (114, 115). Furthermore, in a rat model of
diabetes, treatment with CM for two months, decreased MDA
levels and increased CAT, glutathione reductase (GR) and SOD
levels indicating the antioxidant activity of CM (47). Deactivation
of reactive oxygen species by CM casein was observed by
scavenging free radicals (116). In rats with STZ-induced diabetic
nephropathy, treatment with CM (50 ml/day, for 8 weeks),
increased SOD and CAT expression, CAT activity and GSH
levels, as well as reducing fat peroxidation. Therefore, CM
showed protective effects against diabetic nephropathy by its
antioxidant effects (99). Administration of CWP to mice with
T1D (100 mg/kg B.W at 250 pl/day for 1 month) decreased ROS
and ATF-3 expression (54).

In rats with liver disease due to experimental infection with E.
coli and Staphylococcus aureus, treatment with CM (100 ml/day)
reduced MDA levels but increased the expression of GST and
SOD (62). Similarly, in gentamicin (GM)-induced liver damage
in rats, administration of CM (5 ml/rat/day), inhibited MDA
formation and MPO activity, and reconstitutes SOD and
glutathione transferase (GST) activities. These results showed a
protective effect of CM against GM-induced hepatic damage by
inhibiting oxidative stress (100). The protective effect of FCM on
CCL4-induced liver damage was observed by enhancement of
SOD, glutathione peroxidase (GPx), CAT and GSH levels in the
liver, while MDA levels declined (101). Administration of CM
(2 ml daily) in alcohol-induced hepatotoxicity in male rats,

significantly reduced hepatic MDA and increased total
antioxidant capacity (TAC). Therefore, the antioxidant
properties, and possible chelating effects on free radicals, of
CM countered some of the physiological harms caused by
ethanol-induced hepatotoxicity (102). CM treatment (50 ml/
day, for eight weeks) of male Wistar rats with nonalcoholic fatty
liver disease (NAFLD), increased GSH levels and CAT activity
but decreased MDA levels (103).

Application of camel Lf to HCT-116 colon cancer cells
resulted in the lowest amount of FRAP, the least inhibitory
effect on DPPH radicals and a significant increase in NO capacity
inhibition, all in a dose-dependent manner (27). In TNBS-
induced colitis in rats, administration of CM (10 ml/kg by
gavage) reduced serum levels of NO and MDA and increased
the levels of GSH and TAC, ultimately strengthening the
antioxidant defense system (57). Administration of CM (20
ml/kg/day by oral gavage) in rats with IBD-suppressed
intestinal damage and reduced the levels the cytokines, TNF-o
and IL-10 in the large intestine. In addition, CM strengthened
antioxidant defense by enhancing colon GSH and suppressing
oxidative stress by reducing lipid peroxides and NO (57) Also,
mice with radiation-induced intestinal damage had increased
SOD and GSH levels and decreased MDA serum levels when
treated with CM (60). The antioxidant properties of CM are due
to the high content of vitamins C and E along with selenium, zinc
and other trace elements (106, 117).

The effects of CM (2 ml/day) on FNP-induced neurotoxicity
in rats, improved DOPA and AChE levels, decreased NO, MDA,
MPO, Caspase-3, and TNF-a levels but increased IL-10, TAC,
and Bcl-2 levels. Neurodegenerative changes in the hippocampus
induced by FNP was also improved CM (64). CM magnesium
reduces oxidative stress and increase the absorption of vitamins
E and C.thus CM has antioxidant activity (65). CM treatment
(10ml/kg) in LPS-induced ARDS in rats reduced the amount of
MD, MPO and TAC in the lung tissues (84).

In rats with renal toxicity induced by 5-FU, CM
administration (10 ml/kg orally) suppressed oxidative stress by
improving GSH, SOD, GPx and TAC. Therefore, CM showed a
protective effect against kidney toxicity by inhibiting ROS
activity (66). Treatment with CM (10 ml/kg/day; for 3 weeks
by gavage) in cyclosporine-induced kidney damage in male
Wistar rats, reduced MPO activity but increased the reduced/
oxidized ratio of GSH and TAC (67). Further, in albino white
rats with cadmium chloride-induced toxicity, daily consumption
of CM (2 ml of fresh CM for 21 days) increased SOD and CAT
activities, indicating a protective effect of CM against the toxicity
caused by cadmium chloride (104). Similarly, in CdCl,-induced
HMIA in rats, CM increased SOD and CAT activities as well as
GSH concentration. In addition, the production of free radicals
was reduced, revealing the protective effect of CM against
oxidative stress (105). In male rats with oxidative stress
induced by aluminum chloride (AICl;) and lipid peroxidation
in the testes, treatment with CM (1 ml of fresh CM for 30 days)
significantly reduced lipid peroxidation biomarkers (TBARS and
HP) and increased GSH, SOD and CAT activities in the
testes (106).
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Antioxidant Effects of CM, Clinical Studies

In a RCT, the effect of CM (average 500 ml, daily for 2 weeks) in
60 subjects with autism spectrum disorder (ASD) caused a
significant increase in serum levels of GST and SOD, but
decreased MPO. Therefore, CM as a regulator of antioxidant
enzymes showed reduced oxidative stress in ASD (118).

Immunomodulatory Effects

The main function of the immune system is to protect against
pathogens including bacteria, viruses, fungi and toxins. Among
the cells involved in the defense system are neutrophils,
monocytes, macrophages and lymphocytes. The acquired
immune system is able to increase the immune response by
creating immunological memory in subsequent encounters with
pathogens (119).

CM has high levels of protective proteins such as lysozyme,
IgG and secretory IgA compared to cow’s milk (19). Insulin-like
activity has also been observed in CM, which acts by regulating
and modulating functions of 8 cells. Therefore, CM showed
immunomodulatory in various immune-mediated disorders.
The immunomodulatory effects of CM are shown in Table 4.

Immunomodulatory Effects of CM, Animal Studies

Several experimental studies showed immunomodulatory effects
of CM. In adjuvant-induced arthritis and models of air sac
edema in rats, treatment with 10 ml/kg of CM for three weeks,
reduced serum TNF-0,, claw edema and the osteoarthritis index

(50). Zinc modulated the immune response by inhibiting
interleukins, prostaglandins, and other inflammatory cytokines
(120, 121). CM contains higher amounts of zinc than other
species’s milk (73), and the presence of Ig in CM regulates innate
immunity which both contribute to the immunomodulatory
effect of CM (49). Treatment with CM in alcohol-induced
hepatotoxicity in male rats caused a significant reduction in
hepatic TNF-y, demonstrating a possible protective effect of CM
on liver tissue damaged by alcohol toxicity (103). In a sponge
implant angiogenesis model in albino Swiss mice, administration
of CM (25, 50 and 100 mg/kg/day for 14 days) reduced TNF-o
and TGF-f serum levels (51).

In rats with T2D, induced by STZ (40 mg/kg/day for four
days), administration of CM (35 ml/day) reduced TNF-o
levels, indicating the anti-diabetic effect of CM by its
immunomodulatory activity (52). Furthermore, application of
TL and TFA, in a model of diabetic inflammation in
macrophages, decreased TNF-o. and IL-13/18 levels. In addition,
expression of regulatory cytokines IL-10 and IL-1 receptor
antagonist (IL-1Ra) were increased by TL and suggests CM
lipids regulate immune function (53). In mice with T1D, CWP-
treatment, decreased the levels of pro-inflammatory cytokines IL-
1B and IL-6 but increased IL-4 levels (54). In STZ-induced T1D
mice, treatment with DMWP (100 mg/dissolved in 250 ul/day for
five weeks) significantly increased the number of B cells in the
peripheral lymphoid organs. Treatment also reduced T cells in all
zones, especially in the periarteriolar lymphoid sheaths (PALS) of

TABLE 4 | Inmunomodulatory effects of camel milk.

Agent Effects Model of study Doses Reference

CM Reduced TNF-a Male offspring of pregnant female rat 2 ml/p.o (14)
model induced by VPA

CM Reduced TNF-o in serum Rats, adjuvant-induced arthritis 10 ml/kg, 3 weeks (50)

CM Reduced TNF-o. Alcohol-induced hepatotoxicity in male 2ml (102)
rats

CM Reduced TNF-a. and TGF-B Angiogenesis model in mice 25-100 mg/kg/day, 14 (51)

days

CM Reduced TNF-a Rat model of T2D 35 ml/day (52)

Total lipid and fatty Decreased TNF-o In vitro diabetic inflammation - (53)

acids

C whey protein Decreased IL-1B, IL-6, increased IL-4 Mice model of T1D 100 mg/kg B.W at 250 (54)

ul/d, 1 month

Un-denatured Increased B cells, mitogen-stimulated lymphocyte Mice model of T1D, 100 mg/kg in 250 ul/day, (55)

whey proteins proliferation, reduced T cells and TNF-o 5 weeks

Fermented CM Reduced TNF-a High-fat diet in twenty-eight albino rats 1ml 61)

Lactic acid bacteria Reduced TNF-o LPS/D-GalN in mice - (63)

CM Reduced TNF-a. in the colon TNBS-induced colitis in rats 10 ml/kg, gavage (57)

CM Reduced TNF-a ACC-induced DSS in mice - (58)

CM whey Reduced IFN-y and IL8 in colon tissue Balb/c CRC mice - (56)

CM Reduced TNF-a Radiation-induced intestinal damage in 0.2 ml, 14 days (60)
mice

CM Reduced TNF-o. FNP in rats 2ml/day (64)

CM Reduced TNF-a. ARDS rats 10 ml’kg (65)

CM Inhibited TNF-o Renal toxicity in rats - (66)

CM Reduced TNF-o,, MCP-1, IL-1B and IL-18 Cyclosporine-induced kidney damage, 10 ml/kg/day, 3 weeks 67)
rats

CM Reduced TNF-a Clinical study, 25 patients 5 L/week, 2 months (68)

ACC, Acute and chronic colitis; CM, Camel milk; DSS, Sodium dextran sulfate; IFN-y, Interferon gamma; IL, Interleukin; MCP-1, Monocyte chemoattractant protein-1; T1D, Type 1
diabetes; T2D, Type 2 diabetes; TGF-B1, Transforming growth factor-betal; TNF-a, Tumor Necrosis Factor-alpha; VPA, Valproic acid.
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the spleen sections of the diabetic rats. In addition, the DMWP-
treated mice, had increased mitogen-stimulated lymphocyte
proliferation (Con A or LPS) in their splenic follicles. Host cell
proteins interact extensively with CM’ Ig and hence weakens the
immune system and rescues B cells through an increase in
regulatory cells (122). Treatment with DMWP decreased TNF-ou
mRNA expression. Overall, DMWP improves autoimmune
function by regulating TNF-o. and programmed cell death-
receptor (Fas), suppressing self-activated T cells and improving
pancreatic function. Suppression of T cell activation and
promotion of cell survival by up-regulation of Cdc42 expression
is confirmed, which maintains simple T cell homeostasis.
Therefore, improvement in the condition of pancreatic B cells
follows T cell homeostasis (55).

Similar effects on TNF-o0 by CM have also been reported in
other disease models and tissues. For example, eating a high-fat
diet can induce inflammation, but treatment with FCM reduced
TNF-a levels, which led to a reduction in inflammation (61).
Treatment with WP resulted in higher levels of CD28 expression
and subsequent recovery of higher IL-2 and IFN-y levels and
replication capacity (55). The protective effect of six strains of
CM LAB in mice suffering acute liver damage induced by LPS/D-
GalN, was shown by a significant reduction of TNF-o. levels (63).
Treatment with CM in TNBS-induced colitis in rats also resulted
in a reduced levels of colonic TNF-o and IL-10. The severity of
intestinal damage was suppressed by CM and macroscopic
damage, histopathological alterations, leukocyte influx, colon
weight/length ratio and myeloperoxidase activity were
improved (57). Lactoferrin (an anti-inflammatory protein
component of CM) can inhibit the production of pro-
inflammatory cytokines such as TNF-o, IL-1 and IL-6 in
response to lipopolysaccharide activation. Moreover, inhibition
of NF-xB activation following internalization of lactoferrin to
monocytes could mechanically inhibit the production of pro-
inflammatory cytokines (50). Similarly, mice with acute and
chronic colitis, induced by DSS had reduced TNF-0,, as well as
inhibited Thl and Th17 proliferation responses, when treated
with CM. In addition, pathogens were attacked by CM Lf and
lysozymes, thereby inhibiting infection due to the enhancement
of the local Thl response and function of the immune regulator
(58). The results showed that CM, reduced the migration of
inflammatory cells to the intestinal tract and arthritis index by
reducing the concentration of TNF-o (123). In a colitis model in
Balb/c CRC mice, the concomitant treatment with CM whey
reduced the IFN-y in colon tissue (56). Finally treatment with
CM (0.2 ml for 14 days) on radiation-induced intestinal damage
in mice reduced TNF-o levels (60).

Treatment with CM (2ml/day) of FNP in rats, reduced TNF-
o. Therefore, CM can be considered as a biological protective
agent against behavioural, neurological disorders caused by FNP
through its effect on immune system (64). In the autistic
behaviors of male offspring of pregnant female rat model
induced by valproic acid (VPA), treatment with CM (2 ml
orally), significantly reduced TNF-o. expression. Therefore, CM
could be considered as a possible treatment for autism by
regulating immunomodulatory pathways (69).

In LPS-induced ARDS in rats, administration of 10 ml/kg of
CM significantly reduced TNF-o in lung tissue and down
regulated mitogen-activated protein kinase signaling pathways
indicating the therapeutic effect of CM as a supplementary to
treat ARDS (84). The effects of CM on reducing 5-FU-induced
renal toxicity in rats, inhibited TNF-o. and thus suppressed renal
inflammation (66). The effects of CM on cyclosporine-induced
kidney damage revealed that oral administration of CM (10 ml/
kg/day for 3 weeks) caused a significant reduction in TNF-a,
MCP-1, IL-1f and IL-18 (67).

Immunomodulatory Effects of CM, Clinical Studies
The reduction of TNF-a: levels by CM has also been reported in
human clinical trials. Administration of 5 liters of fresh CM per
week for 2 months (drinking) in patients of HCV, with mild to
moderate parenchymal complications and mild cirrhosis,
reduced TNF-a level (68). In patients with chronic hepatitis B,
that consuming CM for one year, increased the level of cytokine
IFN-y and Th1 cells and decreased the levels of IL-4 and Th2
cells. Therefore, CM enhances the immune response by
regulating the expression of Th1/Th2 cytokines (14).

The Effects of Bioactive Peptide of CM

CM is more digestible due to chymotrypsin and the enzyme trypsin
than cow milk. Higher levels of amino acid residues in o-
lactalbumin in CM have higher antioxidant potential than the
cow milk (124). CM protein was hydrolyzed using pepsin and
pancreatin and three peptides were obtained with
LEEQQQTEDEQQDQL, YLEELHRLNAGY and RGLHPVPQ
sequences and the antioxidant properties of these peptides were
investigated. The results showed an inhibitory activity of these three
peptides on free radicals. In addition, the YY-11 peptide increased
the expression of superoxide dismutase and catalase genes in
HepG2 cells (125). Casein protein (CCP) and CM whey protein
(CWP) peptides were hydrolyzed with pepsin and their antioxidant
properties were investigated. P-CCP and P-CWP peptides
significantly increased the tolerance of yeast cells to peroxide
oxidative stress. Therefore, the bioactive peptides of caseins and
CM whey proteins have significant antioxidant activity (126). Using
a laboratory protocol that mimics gastrointestinal digestion, CM,
colostrum and colostrum whey proteins were hydrolyzed by pepsin
and pancreatin and their antioxidant properties were investigated.
The results showed that bioactive components of CM and
colostrum proteins increased antioxidant activity and angiotensin
I-converting enzyme (ACE) inhibitors (127).

The antioxidant potential of CMPH was investigated in vitro
and in real food model systems. Proteolytic enzymes such as
alkalase, bromelain and papain were used for hydrolysis. CMPH
increased the radical inhibition of DPPH and its antioxidant
properties. Therefore, the breakdown of milk proteins to produce
more active peptides with antioxidant potential, increased the
activity of radical inhibition of DPPH in CM after hydrolysis
(128). In rats infected with Schistosoma mansoni, administration
of colostrum and CM induced immunomodulatory activity by
inducing GST and IgG before and after infection, as well as
stimulating specific immune responses (124).
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Decreased glutathione due to overuse of paracetamol (PCM)
and acetaminophen leads to hepatotoxicity. This hepatotoxicity
increased mitochondrial dysfunction and oxidative stress. In
addition, as the hepatotoxicity increases, exolastic glutamic
transaminase (GOT) and serum pyruvic transaminase (GPT)
enzymes enter the bloodstream. Treatment with CM reduced the
levels of serum enzymes and thus maintained the integrity of the
liver cell membrane against paracetamol-induced toxicity (124).
The antioxidant activity and inhibition of ACE hydrolysed of
camel whole casein and B-CN were evaluated using the TEAC.
The results showed that the peptide fractions obtained from the
hydrolysis of camel whole casein and camel B-CN increased the
antioxidant and ACE inhibitor activities (93).

Enzymatic hydrolysis of camel and bovine WPs in an in vitro
study showed significantly higher antioxidant activity of camel’s
WPs and its hydrolysis than the bovine WPs and its hydrolysis.
This may be due to differences in the amounts of antioxidant
amino acid residues in their primary structures. The ability to
chelate metal cations (Glu, Asp, Lys, Arg, and His), the ability to
donate protons to free radicals (Trp, Phe, Tyr, His, and Cys) as
well as the transfer of antioxidant activity of amino acid residues
to proteins. Significant differences in the antioxidant activity of
WPs/WP hydrolyzed camels and bovine have been reported
(129). The effects of bioactive peptides of CM are shown
in Table 5.

CONCLUSION

The anti-inflammatory effects of CM have been demonstrated in
several studies in different inflammatory conditions such as paw
edema, angiogenesis, diabetic, gastrointestinal inflammatory
disorders including IBD, radiation-induced gastrointestinal
inflammation, intestinal infection, gastric ulcers and colon
cancer, neurotoxicity inflammation and renal inflammatory
disorders, arthritis, IBD, inflammatory respiratory disorders
including asthma, and lung injury induced by noxious agents
such as LPS. The anti-inflammatory properties of CM and its
bioactive compounds was achieved by their effect on various

inflammatory cells and mediators. In rheumatoid arthritis, the
anti-inflammatory effects of CM improve the symptoms. In
clinical studies, CM showed anti-inflammatory effects by
inhibiting serum levels of pro-inflammatory markers
including single-cell chemotactic protein, hyaluronic acid,
MCP-1, TGF-B1 and chemokines in patients with hepatitis
C virus and autism.

Numerous studies indicate the antioxidant effects of CM by
inhibiting ABTS, DPPH and FRAP. In addition, CM is able to
increase the levels of ACE, GSH, SOD, GPx, TAC and CAT. The
level of lipid peroxides, NO, MDA, MPO, caspase-3 and
expression of iNOS gene were also decreased by CM. The
antioxidant properties of CM and its derivatives were shown in
various oxidative stress disorders including skin disorders,
leukopenia, RA, oxidative stress of heart tissues, breast cancer
cells, diabetes, liver disease, colitis, IBD, radiation-induced
intestinal damage, neurotoxicity, ARDS and kidney damage.
Clinical studies also showed the antioxidant effect of CM in
patients with ASD by increased serum levels of GST and SOD,
but decreased MPO.

The immunomodulatory activities of CM and its derivatives
in immune disorders of various parts of the body in several
experimental studies were shown such as arthritis, liver disease,
diabetes, intestinal damage, acute and chronic colitis,
neurotoxicity, LPS-induced ARDS and renal disorders. The
immunomodulatory properties of CM and its compounds
were shown by the effect on various cytokines and immune
cells such as Thl and Th2. Immunomodulatory effects of CM
and its components were also demonstrated in clinical studies
of chronic hepatitis B and patients with HCV by increasing
IFN-y and Thl but decreasing IL-4 and Th2, as well as TNEF-
o level.

There is a significant body of research into the health benefits
of CM and its derivatives. Here we have discussed the findings
collectively and revealed a clear pattern of evidence of CM
improving physiological effects of inflammatory diseases,
oxidative stress and immune system disorders by increased
GSH, SOD, GPx, TAC and CAT levels and reduced TNF-a,
IL-17 and TGF-B. However, more extensive clinical studies
should be performed on the immunomodulatory, anti-

TABLE 5 | Effects of bioactive peptide of camel milk.

Agent Effects Model of study Reference

LEEQQQTEDEQQDQL, YLEELHRLNAGY and Inhibited free radicals, Increased SOD and CAT HepG2 cells (125)

RGLHPVPQ

P-CCP and P-CWP Increased the tolerance of yeast cells to peroxide oxidative In vitro (126)
stress

Bioactive components of CM and colostrum Increased antioxidant activity and ACE inhibitors In vitro (127)

proteins

CMPH Increased the radical inhibition of DPPH and its antioxidant In vitro and in real food model (128)
properties systems

Colostrum and CM Stimulated specific immune responses Rats infected with Schistosoma (124)

mansoni

CM Reduced serum enzymes, integrity of the liver cell membrane  Paracetamol-induced toxicity (124)

Camel whole casein and B-CN Increased the antioxidant and ACE inhibitor activity In vitro (93)

WP Increased antioxidant activity In vitro (129)

ACE, Angiotensin I-converting enzyme; B-CN, Beta-casein; CAT, Catalase; CM, Camel milk; CMPH, CM protein hydrolysis; SOD, Superoxide dismutase; WP, Whey protein.
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Anti-inflammatory

effects e

Camel milk

Inhibited the volume of edema, the
inflammatory angiogenesis, the MPO, IL-18
and MCP-1, caspases-3

JIL-1B, IL-6, TGF-B1, IFN-y, IL-4, the CRC
symptoms, the index of osteoarthritis, paw
edema, the RIS, the CRP levels, the cancers of
renal dysfunction creatinine, BUN and KIM-1,
apoptosis, the distribution of T cells and B cells
in the spleen and thymus

A 1L-10, IL-2, DOPA and AChE levels, the
phosphorylation of AKT and IkB-a, DAI
Improved in sensorimotor function large
intestine, leukocyte infestation, macroscopic
damage, histopathological changes and MPO
activity

Immunomodulatory
effects

J IFN-y, IL-8, TNF-a, IL-17, TGF-B, MCP-1,
T cells

A IL-10, the number of B cells in the peripheral
region and lymph follicles, mitogen-stimulated
lymphocyte proliferation

FIGURE 2 | Various mechanisms of anti-inflammatory, antioxidant and immunomodulatory effects of Camel milk.

inflammatory and antioxidant effects of CM to better understand
the impacts on human health. The various mechanisms of anti-
inflammatory, antioxidant and immunomodulatory effects of
Camel milk are shown in Figure 2.

AUTHOR CONTRIBUTIONS

SB, AM, and SS drafted the article and performed the literature
research. MB putted forward the idea of the article and critically

REFERENCES

1. Farah Z. Effect of Heat Treatment on Whey Proteins of Camel Milk.
Milchwissenschaft (1986) 41(12):763-5.
2. Konuspayeva G, Faye B, Loiseau G. The Composition of Camel Milk: A
Meta-Analysis of the Literature Data. ] Food Compos Anal (2009) 22(2):95-
101. doi: 10.1016/j.jfca.2008.09.008
3. Yadav AK, Kumar R, Priyadarshini L, Singh J. Composition and Medicinal
Properties of Camel Milk: A Review. Asian ] Dairy Food Res (2015) 34
(2):83-91. doi: 10.5958/0976-0563.2015.00018.4

. Abrhaley A, Leta S. Medicinal Value of Camel Milk and Meat. ] Appl Anim
Res (2018) 46(1):552-8. doi: 10.1080/09712119.2017.1357562

5. Shabo Y, Barzel R, Margoulis M, Yagil R. Camel Milk for Food Allergies in
Children. IMAJ-RAMAT GAN (2005) 7(12):796.

revised the work. HS and GF reviewed and edited the article. All
authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The author thanks all authors that their works were used in
this review.

. Al-Juboori A, Mohammed M, Rashid J, Kurian J, El Refaey S. Nutritional
and Medicinal Value of Camel (Camelus Dromedarius) Milk. WIT Trans
Ecol Environ (2013) 170:221-32. doi: 10.2495/FENV 130201

7. Sharma C, Singh C. Therapeutic Value of Camel Milk-a Review. Int ] Pharm
Life Sci (2014) 2(3):7-13.

. Salwa MQ, Lina AK. Antigenotoxic and Anticytotoxic Effect of Camel Milk
in Mice Treated With Cisplatin. Saudi ] Biol Sci (2010) 17(2):159-66.
doi: 10.1016/j.5jbs.2010.02.010

. El Sayed I, Ruppanner R, Ismail A, Champagne CP, Assaf R. Antibacterial
and Antiviral Activity of Camel Milk Protective Proteins. ] Dairy Res (1992)
59(2):169-75. doi: 10.1017/50022029900030417
Konuspayeva G, Serikbayeva A, Loiseau G, Narmuratova M, Faye B.
Lactoferrin of Camel Milk of Kazakhstan. Desertification Combat Food
Safety: Added Value Camel Producers (2005) 362:158-67.

10.

Frontiers in Immunology | www.frontiersin.org

April 2022 | Volume 13 | Article 855342


https://doi.org/10.1016/j.jfca.2008.09.008
https://doi.org/10.5958/0976-0563.2015.00018.4
https://doi.org/10.1080/09712119.2017.1357562
https://doi.org/10.2495/FENV130201
https://doi.org/10.1016/j.sjbs.2010.02.010
https://doi.org/10.1017/S0022029900030417
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Behrouz et al.

Pharmacology Effects of Camel Milk

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Abbas S, Ashraf H, Nazir A, Sarfraz L. Physico-Chemical Analysis and
Composition of Camel Milk. Int J Res (2013) 2(2):85-98.

Khaskheli M, Arain M, Chaudhry S, Soomro A, Qureshi T. Physico-
Chemical Quality of Camel Milk. J Agric Soc Sci (2005) 2:164-6.

Ali W, Akyol E, Ceyhan A, Dilawar S, Firdous A, Qasim MZul, et al. Milk
Production and Composition in Camel and its Beneficial Uses: A Review.
Turk ] Food Agric Sci (2019) 7(12):2142-7.

Khan BB, Igbal A, Riaz M, Yaqoob M, Younas M. Livestock Management
Manual. Faisalabad: Dept Livestock Management Univ Agric (2004).
Gizachew A, Teha J, Birhanu T, Nekemte E. Review on Medicinal and
Nutritional Values of Camel Milk. Nat Sci (2014) 12(12):35-41.

Kalla K, Manthani V, Keerthi S. Camel Milk a White Gold of Dessert: A
Review. Inter Arch App Sci Technol (2017) 8(3):74-83. doi: 10.15515/
iaast.0976-4828.8.3.7483

Barfowska J, Litwinczuk Z, Kedzierska-Matysek M, Litwinczuk A.
Polymorphism of Caprine Milk Alphasl-Casein in Relation to
Performance of Four Polish Goat Breeds. Pol J Vet Sci (2007) 10(3):159-64.
Zicarelli L. Buffalo Milk: Its Properties, Dairy Yield and Mozzarella
Production. Vet Res Commun (2004) 28:127. doi: 10.1023/B:VERC
.0000045390.81982.4d

Jilo K, Tegegne D. Chemical Composition and Medicinal Values of Camel
Milk. Int ] Res Stud Biosci (2016) 4(4):13-25.

El-Agamy E. Milk Allergy. In: JW Fuquay, PF Fox and PLH McSweeney,
editors. Encyclopedia of Dairy Science. London: Elsevier Academic Press
(2011). p. 1041-5.

Abu-Lehia I. Composition of Camel Milk. Milchwissenschaft (1987) 42
(6):368-71.

Galali Y, Al-Dmoor H. Miraculous Properties of Camel Milk and Perspective
of Modern Science. ] Fam Med Dis Prev (2019) 5(1):1-7.

El-Agamy EI, Nawar M, Shamsia SM, Awad S, Haenlein GF. Are Camel Milk
Proteins Convenient to the Nutrition of Cow Milk Allergic Children? Small
Rumin Res (2009) 82(1):1-6. doi: 10.1016/j.smallrumres.2008.12.016

Abdel Galil M AG, Abdulqader AA. The Unique Medicinal Properties of
Camel Products: A Review of the Scientific Evidence. Sci Evid (2016) 11
(2):98-103. doi: 10.1016/j.jtumed.2015.12.007

E El-Agamy, Z Abou-Shloue and Y Abdel-Kader eds. (1997). A Comparative
Study of Milk Proteins From Different Species. II. Electrophoretic Patterns,
Molecular Characterization, Amino Acid Composition and Immunological
Relationships. In: Proceedings 3rd Conference Alex ] Food Sci Tech,
Alexandria, Egypt.

E El-Agamy ed. (1994). Camel Colostrum. II. Antimicrobial Factors. In:
Proceedings of the Workshop on Camels and Dromedaries as Dairy Animal,
Nouakshott, Mauritania.

Habib HM, Ibrahim WH, Schneider-Stock R, Hassan HM. Camel Milk
Lactoferrin Reduces the Proliferation of Colorectal Cancer Cells and Exerts
Antioxidant and DNA Damage Inhibitory Activities. Food Chem (2013) 141
(1):148-52. doi: 10.1016/j.foodchem.2013.03.039

Mal G, Sena DS, Sahani M. Milk Production Potential and Keeping Quality
of Camel Milk. ] Camel Pract Res (2006) 13(2):175-8.

Stahl T, Sallmann H-P, Duehlmeier R, Wernery U. Selected Vitamins and
Fatty Acid Patterns in Dromedary Milk and Colostrum. J Camel Pract Res
(2006) 13(1):53-7.

Abu-Lehia IH. Physical and Chemical Characteristics of Camel Milkfat and
its Fractions. Food Chem (1989) 34(4):261-71. doi: 10.1016/0308-8146(89)
90103-9

Konuspayeva G, Lemarie B, Faye B, Loiseau G, Montet D. Fatty Acid and
Cholesterol Composition of Camel’s (Camelus Bactrianus, Camelus
Dromedarius and Hybrids) Milk in Kazakhstan. Dairy Sci Technol (2008)
88(3):327-40. doi: 10.1051/dst:2008005

Gorban AM, Izzeldin OM. Study on Cholesteryl Ester Fatty Acids in Camel
and Cow Milk Lipid. Int J Food Sci Technol (1999) 34(3):229-34.
doi: 10.1046/j.1365-2621.1999.00254.x

El-Zeini HM. Microstructure, Rheological and Geometrical Properties of Fat
Globules of Milk From Different Animal Species. Polish ] Food Nutr Sci
(2006) 56(2):147-54.

Fauquant C, Briard-Bion V, Leconte N, Guichardant M, Michalski MC.
Membrane Phospholipids and Sterols in Microfiltered Milk Fat Globules.
Eur ] Lipid Sci Technol (2007) 109(12):1167-73. doi: 10.1002/¢j1t.200700119

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Li Y, Watkins BA. Conjugated Linoleic Acids Alter Bone Fatty Acid
Composition and Reduce Ex Vivo Prostaglandin E 2 Biosynthesis in Rats
Fed N-6 or N-3 Fatty Acids. Lipids (1998) 33(4):417-25. doi: 10.1007/
511745-998-0223-9

Miller C, Park Y, Pariza M, Cook M. Feeding Conjugated Linoleic Acid to
Animals Partially Overcomes Catabolic Responses Due to Endotoxin
Injection. Biochem Biophys Res Commun (1994) 198(3):1107-12.
doi: 10.1006/bbrc.1994.1157

Park Y, Albright KJ, Liu W, Storkson JM, Cook ME, Pariza MW. Effect of
Conjugated Linoleic Acid on Body Composition in Mice. Lipids (1997) 32
(8):853-8. doi: 10.1007/s11745-997-0109-x

Dugan M, Aalhus ], Schaefer A, Kramer J. The Effect of Conjugated Linoleic
Acid on Fat to Lean Repartitioning and Feed Conversion in Pigs. Can ] Anim
Sci (1997) 77(4):723-5. doi: 10.4141/A97-084

Shamsia S. Nutritional and Therapeutic Properties of Camel and Human
Milks. Int ] Genet Mol Biol (2009) 1(4):052-8. doi: 10.5897/[JGMB.9000048
Singh R, Ghorui S, Sahani M. Camel Milk: Properties and Processing
Potential. Indian Natl Res Cent camel Bikaner (2006), 59-73.

Haddadin MS, Gammoh SI, Robinson RK. Seasonal Variations in the
Chemical Composition of Camel Milk in Jordan. J Dairy Res (2008) 75
(1):8-12. doi: 10.1017/50022029907002750

Mehaia MA, Hablas MA, Abdel-Rahman KM, El-Mougy SA. Milk
Composition of Majaheim, Wadah and Hamra Camels in Saudi Arabia.
Food Chem (1995) 52(2):115-22. doi: 10.1016/0308-8146(94)P4189-M
Oselu S, Ebere R, Arimi JM. Camels, Camel Milk, and Camel Milk Product
Situation in Kenya in Relation to the World. Int ] Food Sci (2022) 1237423.
Farah Z, Rettenmaier R, Atkins D. Vitamin Content of Camel Milk. Int J
Vitam Nutr Res (1992) 62(1):30-3.

Mal G, Sena DS, Sahani M. Changes in Chemical and Macro-Minerals
Content of Dromedary Milk During Lactation. ] Camel Pract Res (2007) 14
(2):195-7.

Mati A, Senoussi-Ghezali C, Zennia SSA, Almi-Sebbane D, El-Hatmi H,
Girardet J-M. Dromedary Camel Milk Proteins, a Source of Peptides Having
Biological Activities-A Review. Int Dairy ] (2017) 73:25-37. doi: 10.1016/
j.idairyj.2016.12.001

Mansour AA, Nassan MA, Saleh OM, Soliman MM. Protective Effect of
Camel Milk as Anti-Diabetic Supplement: Biochemical, Molecular and
Immunohistochemical Study. Afr ] Tradit Complement Altern Med (2017)
14(4):108-19. doi: 10.21010/ajtcam.v14i4.13

Fiocchi C. Inflammatory Bowel Disease: Etiology and Pathogenesis.
Gastroenterol (1998) 115(1):182-205. doi: 10.1016/S0016-5085(98)70381-6
Khatoon H, Ikram R, Anser H, Naeem S, Khan SS, Fatima S, et al.
Investigation of Anti-Inflammatory and Analgesic Activities of Camel
Milk in Animal Models. Pak ] Pharm Sci (2019) 32(4(4 (Supplementary):
1879-83.

Arab HH, Salama SA, Abdelghany TM, Omar HA, Arafa E-SA, Alrobaian
MM, et al. Camel Milk Attenuates Rheumatoid Arthritis via Inhibition of
Mitogen Activated Protein Kinase Pathway. Cell Physiol Biochem (2017) 43
(2):540-52. doi: 10.1159/000480527

Alhaider AA, Abdel Gader AGM, Almeshaal N, Saraswati S. Camel Milk
Inhibits Inflammatory Angiogenesis via Downregulation of Proangiogenic
and Proinflammatory Cytokines in Mice. Acta Pathol Microbiol Immunol
Scand (2014) 122(7):599-607. doi: 10.1111/apm.12199

Korish A. The Antidiabetic Action of Camel Milk in Experimental Type 2
Diabetes Mellitus: An Overview on the Changes in Incretin Hormones,
Insulin Resistance, and Inflammatory Cytokines. Horm Metab Res (2014) 46
(06):404-11. doi: 10.1055/s-0034-1368711

Al-Nasseri RH, Al-Rugashi H, Al-Sabahi J, Al-Harrasi A, Kenekanian A,
Banerjee Y, et al. Lipids Derived From Camel Milk Regulate NLRP3
Inflammasome-Dependent Inflammatory Responses in Human
Macrophages. Funct Food Health Dis (2019) 9(4):224-40. doi: 10.31989/
fthd.v9i4.567

Badr G, Sayed LH, Omar HE-DM, Abd El-Rahim AM, Ahmed EA,
Mahmoud MH. Camel Whey Protein Protects B and T Cells From
Apoptosis by Suppressing Activating Transcription Factor-3 (ATEF-3)-
Mediated Oxidative Stress and Enhancing Phosphorylation of AKT and
Ib-ou in Type I Diabetic Mice. Cell Physiol Biochem (2017) 41(1):41-54.
doi: 10.1159/000455935

Frontiers in Immunology | www.frontiersin.org

April 2022 | Volume 13 | Article 855342


https://doi.org/10.15515/iaast.0976-4828.8.3.7483
https://doi.org/10.15515/iaast.0976-4828.8.3.7483
https://doi.org/10.1023/B:VERC.0000045390.81982.4d
https://doi.org/10.1023/B:VERC.0000045390.81982.4d
https://doi.org/10.1016/j.smallrumres.2008.12.016
https://doi.org/10.1016/j.jtumed.2015.12.007
https://doi.org/10.1016/j.foodchem.2013.03.039
https://doi.org/10.1016/0308-8146(89)90103-9
https://doi.org/10.1016/0308-8146(89)90103-9
https://doi.org/10.1051/dst:2008005
https://doi.org/10.1046/j.1365-2621.1999.00254.x
https://doi.org/10.1002/ejlt.200700119
https://doi.org/10.1007/s11745-998-0223-9
https://doi.org/10.1007/s11745-998-0223-9
https://doi.org/10.1006/bbrc.1994.1157
https://doi.org/10.1007/s11745-997-0109-x
https://doi.org/10.4141/A97-084
https://doi.org/10.5897/IJGMB.9000048
https://doi.org/10.1017/S0022029907002750
https://doi.org/10.1016/0308-8146(94)P4189-M
https://doi.org/10.1016/j.idairyj.2016.12.001
https://doi.org/10.1016/j.idairyj.2016.12.001
https://doi.org/10.21010/ajtcam.v14i4.13
https://doi.org/10.1016/S0016-5085(98)70381-6
https://doi.org/10.1159/000480527
https://doi.org/10.1111/apm.12199
https://doi.org/10.1055/s-0034-1368711
https://doi.org/10.31989/ffhd.v9i4.567
https://doi.org/10.31989/ffhd.v9i4.567
https://doi.org/10.1159/000455935
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Behrouz et al.

Pharmacology Effects of Camel Milk

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ebaid H. Promotion of Immune and Glycaemic Functions in
Streptozotocin-Induced Diabetic Rats Treated With Un-Denatured Camel
Milk Whey Proteins. Nutr Metab (2014) 11(1):1-13. doi: 10.1186/1743-
7075-11-31

Al-Omari MM, Al-Ghariebeh RB, Alhaija AAA, Al-Zoubi H, Al-Qaoud KM.
Camel Milk Whey Inhibits Inflammatory Colorectal Cancer Development
via Down Regulation of Pro-Inflammatory Cytokines in Induced AOM/DSS
Mouse Model. Emir ] Food Agric (2019) 8:256-62. doi: 10.9755/
jfa.2019.v31.i4.1935

Arab HH, Salama SA, Eid AH, Omar HA, Arafa E-SA, Maghrabi IA. Camel’s
Milk Ameliorates TNBS-Induced Colitis in Rats via Downregulation of
Inflammatory Cytokines and Oxidative Stress. Food Chem Toxicol (2014)
69:294-302. doi: 10.1016/j.fct.2014.04.032

CuiC,LuY, Yue Y, Wu S, Wang S, Yu M, et al. Camel Milk Regulates T-Cell
Proliferation to Alleviate Dextran Sodium Sulphate-Induced Colitis in Mice.
Int ] Food Sci Technol (2020) 55(4):1648-60. doi: 10.1111/ijfs.14434
Al-wabel NA, Hassan A, Abbas H, Muosa H. Antiulcerogenic Effect of
Camel Milk Against Ethanol Induced Gastric Ulcers in Rats.
WebmedCentral Vet Med (2012) 3(3):WMC002804.

Chen Y-Z, Li C, GuJ, Lv S-c, Song J-y, Tang Z-b, et al. Anti-Oxidative and
Immuno-Protective Effect of Camel Milk on Radiation-Induced Intestinal
Injury in C57BL/6 ] Mice. Dose-Response (2021) 19(1):1-8. doi: 10.1177/
15593258211003798

Badkook MM. Fermented Camel Milk Reduces Inflammation in Rats Fed a
High-Fat Diet. Int ] Health Sci Res (2013) 3:7-17.

Soliman MM, Hassan MY, Mostafa SAH, Ali HAM, Saleh OM. Protective
Effects of Camel Milk Against Pathogenicity Induced by Escherichia Coli
and Staphylococcus Aureus in Wistar Rats. Mol Med Rep (2015) 12(6):8306—
12. doi: 10.3892/mmr.2015.4486

Xu R, Xiu L, Zhang Y, Du R, Wang X. Probiotic and Hepatoprotective
Activity of Lactobacillus Isolated From Mongolian Camel Milk Products.
Benef Microbes (2019) 10(6):699-710. doi: 10.3920/BM2018.0131
Abd-Elhakim YM, El-Sharkawy NI, Mohammed HH, Ebraheim LL, Shalaby
MA. Camel Milk Rescues Neurotoxic Impairments Induced by
Fenpropathrin via Regulating Oxidative Stress, Apoptotic, and
Inflammatory Events in the Brain of Rats. Food Chem Toxicol (2020)
135:111055. doi: 10.1016/j.fct.2019.111055

Zhu W-W, Kong G-Q, Ma M-M, Li Y, Huang X, Wang L-P, et al. Camel
Milk Ameliorates Inflammatory Responses and Oxidative Stress and
Downregulates Mitogen-Activated Protein Kinase Signaling Pathways in
Lipopolysaccharide-Induced Acute Respiratory Distress Syndrome in Rats.
J Dairy Sci (2016) 99(1):53-6. doi: 10.3168/jds.2015-10005

Arab HH, Salama SA, Maghrabi IA. Camel Milk Ameliorates 5-Fluorouracil-
Induced Renal Injury in Rats: Targeting MAPKs, NF-kb and PI3K/Akt/
eNOS Pathways. Cell Physiol Biochem (2018) 46(4):1628-42. doi: 10.1159/
000489210

Arab HH, Ashour AM, Alqarni AM, Arafa E-SA, Kabel AM. Camel Milk
Mitigates Cyclosporine-Induced Renal Damage in Rats: Targeting P38/ERK/
JNK MAPKs, NF-xb, and Matrix Metalloproteinases. Biology (2021) 10
(5):442. doi: 10.3390/biology10050442

Mohamed WA, Schaalan MF, El-Abhar HS. Camel Milk: Potential Utility as
an Adjunctive Therapy to Peg-IFN/RBV in HCV-4 Infected Patients in
Egypt. Nutr Cancer (2015) 67(8):1307-15. doi: 10.1080/01635581.
2015.1087041

Saltanat H, Li H, Xu Y, Wang J, Liu F, Geng X. The Influences of Camel Milk
on the Immune Response of Chronic Hepatitis B Patients. Xi bao yu fen zi
mian yi xue za zhi= CHI ] Cell Mol Immunol (2009) 25(5):431-3.

Bashir S, Al-Ayadhi LY. Effect of Camel Milk on Thymus and Activation-
Regulated Chemokine in Autistic Children: Double-Blind Study. Pediatr Res
(2014) 75(4):559-63. doi: 10.1038/pr.2013.248

Martin AR, Villegas I, Sanchez-Hidalgo M, de la Lastra CA. The Effects of
Resveratrol, a Phytoalexin Derived From Red Wines, on Chronic
Inflammation Induced in an Experimentally Induced Colitis Model. Br J
Pharmacol (2006) 147(8):873-85. doi: 10.1038/sj.bjp.0706469

Tanida S, Mizoshita T, Mizushima T, Sasaki M, Shimura T, Kamiya T, et al.
Involvement of Oxidative Stress and Mucosal Addressin Cell Adhesion
Molecule-1 (MAdCAM-1) in Inflammatory Bowel Disease. J Clin Biochem
Nutr (2011) 48(2):112-6. doi: 10.3164/jcbn.10-41

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

FM AL-AWADI, Srikumar T. Trace Elements and Their Distribution in
Protein Fractions of Camel Milk in Comparison to Other Commonly
Consumed Milks. ] Dairy Res (2001) 68(3):463-9.

Ebaid H, Abdel-Salam B, Hassan I, Al-Tamimi J, Metwalli A, Alhazza 1.
Camel Milk Peptide Improves Wound Healing in Diabetic Rats by
Orchestrating the Redox Status and Immune Response. Lipids Health Dis
(2015) 14(1):1-10. doi: 10.1186/s12944-015-0136-9

Ebaid H, Ahmed OM, Mahmoud AM, Ahmed RR. Limiting Prolonged
Inflammation During Proliferation and Remodeling Phases of Wound
Healing in Streptozotocin-Induced Diabetic Rats Supplemented With
Camel Undenatured Whey Protein. BMC Immunol (2013) 14(1):1-13. doi:
10.1186/1471-2172-14-31

Yu Y, Tang D, Kang R. Oxidative Stress-Mediated HMGBI Biology. Front
Physiol (2015) 6:93. doi: 10.3389/fphys.2015.00093

Stros M. HMGB Proteins: Interactions With DNA and Chromatin. Biochim
Biophys Acta (BBA)-Gene Regul Mechanisms (2010) 1799(1-2):101-13.
Bertheloot D, Latz E. HMGBI, IL-10, IL-33 and S100 Proteins: Dual-
Function Alarmins. Cell Mol Immunol (2017) 14(1):43-64. doi: 10.1038/
cmi.2016.34

Li LC, Gao J, Li J. Emerging Role of HMGB 1 in Fibrotic Diseases. J Cell Mol
Med (2014) 18(12):2331-9. doi: 10.1111/jcmm.12419

Khatoon H, Najam R, Mirza T, Sikandar B, Ishaq H, Anser H. Evaluation of
Anticonvulsant and Neuroprotective Effects of Camel Milk in Strychnine-
Induced Seizure Model. Asian Pac ] Trop Dis (2015) 5(10):817-20. doi:
10.1016/S2222-1808(15)60937-9

Akbar N. Science of Camel and Yak Milks: Human Nutrition and Health
Perspectives. Food Nutr Sci (2011) 2:667-73.

Ambali SF, Idris SB, Onukak C, Mu S, Ayo JO. Ameliorative Effects of
Vitamin C on Short-Term Sensorimotor and Cognitive Changes Induced by
Acute Chlorpyrifos Exposure in Wistar Rats. Toxicol Ind Health (2010) 26
(9):547-58. doi: 10.1177/0748233710373086

Ralevic V, Hoyle C, Goss-Sampson M, Milla P, Burnstock G. Effect of
Chronic Vitamin E Deficiency on Sympathetic and Sensorimotor Function
in Rat Mesenteric Arteries. J Physiol (1996) 490(1):181-9. doi: 10.1113/
jphysiol.1996.sp021134

Al-Hashem F, Mohammad D, Bashir N, Mohammad A, Riyadh E,
Mohammad K, et al. Camel’s Milk Protects Against Cadmium Chloride
Induced Toxicity in White Albino Rats. Am ] Pharmacol Toxicol (2009) 4
(3):107-17. doi: 10.3923/jpt.2009.107.116

Badawy AA, El-Magd MA, AlSadrah SA. Therapeutic Effect of Camel Milk
and its Exosomes on MCF7 Cells In Vitro and In Vivo. Integr Cancer Ther
(2018) 17(4):1235-46. doi: 10.1177/1534735418786000

Yang H, Villani RM, Wang H, Simpson MJ, Roberts MS, Tang M, et al. The
Role of Cellular Reactive Oxygen Species in Cancer Chemotherapy. ] Exp
Clin Cancer Res (2018) 37(1):1-10. doi: 10.1186/s13046-018-0909-x
Brieger K, Schiavone S, Miller F, Krause K-H. Reactive Oxygen Species:
From Health to Disease. Swiss Med Wkly (2012) 142:w13659. doi: 10.4414/
smw.2012.13659

Kurutas EB. The Importance of Antioxidants Which Play the Role in
Cellular Response Against Oxidative/Nitrosative Stress: Current State.
Nutr ] (2015) 15(1):1-22. doi: 10.1186/s12937-016-0186-5

Almahdy O, El-Fakharany EM, Ehab E-D, Ng TB, Redwan EM. Examination
of the Activity of Camel Milk Casein Against Hepatitis C Virus (Genotype-
4a) and its Apoptotic Potential in Hepatoma and Hela Cell Lines. Hepat Mon
(2011) 11(9):724. doi: 10.5812/kowsar.1735143X.722

Krishnankutty R, Iskandarani A, Therachiyil L, Uddin S, Azizi F, Kulinski
M, et al. Anticancer Activity of Camel Milk via Induction of Autophagic
Death in Human Colorectal and Breast Cancer Cells. Asian Pac ] Cancer
Prev (2018) 19(12):3501. doi: 10.31557/APJCP.2018.19.12.3501

Faye B, Konuspayeva G, Bengoumi M. Vitamins of Camel Milk: A
Comprehensive Review. J Camelid Sci (2019) 12:17-32. doi: 10.1007/978-
3-319-95562-9_8

Khan MZ, Xiao J, Ma Y, MaJ, Liu S, Khan A, et al. Research Development on
Anti-Microbial and Antioxidant Properties of Camel Milk and Its Role as an
Anti-Cancer and Anti-Hepatitis Agent. Antioxidants (2021) 10(5):788.
doi: 10.3390/antiox10050788

Salami M, Moosavi-Movahedi AA, Moosavi-Movahedi F, Ehsani MR,
Yousefi R, Farhadi M, et al. Biological Activity of Camel Milk Casein

Frontiers in Immunology | www.frontiersin.org

April 2022 | Volume 13 | Article 855342


https://doi.org/10.1186/1743-7075-11-31
https://doi.org/10.1186/1743-7075-11-31
https://doi.org/10.9755/ejfa.2019.v31.i4.1935
https://doi.org/10.9755/ejfa.2019.v31.i4.1935
https://doi.org/10.1016/j.fct.2014.04.032
https://doi.org/10.1111/ijfs.14434
https://doi.org/10.1177/15593258211003798
https://doi.org/10.1177/15593258211003798
https://doi.org/10.3892/mmr.2015.4486
https://doi.org/10.3920/BM2018.0131
https://doi.org/10.1016/j.fct.2019.111055
https://doi.org/10.3168/jds.2015-10005
https://doi.org/10.1159/000489210
https://doi.org/10.1159/000489210
https://doi.org/10.3390/biology10050442
https://doi.org/10.1080/01635581.2015.1087041
https://doi.org/10.1080/01635581.2015.1087041
https://doi.org/10.1038/pr.2013.248
https://doi.org/10.1038/sj.bjp.0706469
https://doi.org/10.3164/jcbn.10-41
https://doi.org/10.1186/s12944-015-0136-9
https://doi.org/10.1186/1471-2172-14-31
https://doi.org/10.3389/fphys.2015.00093
https://doi.org/10.1038/cmi.2016.34
https://doi.org/10.1038/cmi.2016.34
https://doi.org/10.1111/jcmm.12419
https://doi.org/10.1016/S2222-1808(15)60937-9
https://doi.org/10.1177/0748233710373086
https://doi.org/10.1113/jphysiol.1996.sp021134
https://doi.org/10.1113/jphysiol.1996.sp021134
https://doi.org/10.3923/jpt.2009.107.116
https://doi.org/10.1177/1534735418786000
https://doi.org/10.1186/s13046-018-0909-x
https://doi.org/10.4414/smw.2012.13659
https://doi.org/10.4414/smw.2012.13659
https://doi.org/10.1186/s12937-016-0186-5
https://doi.org/10.5812/kowsar.1735143X.722
https://doi.org/10.31557/APJCP.2018.19.12.3501
https://doi.org/10.1007/978-3-319-95562-9_8
https://doi.org/10.1007/978-3-319-95562-9_8
https://doi.org/10.3390/antiox10050788
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Behrouz et al.

Pharmacology Effects of Camel Milk

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Following Enzymatic Digestion. ] Dairy Res (2011) 78(4):471. doi: 10.1017/
$0022029911000628

Kumar D, Chatli MK, Singh R, Mehta N, Kumar P. Antioxidant and
Antimicrobial Activity of Camel Milk Casein Hydrolysates and its
Fractions. Small Rumin Res (2016) 139:20-5. doi: 10.1016/j.smallrumres.
2016.05.002

Kamau SM, Lu R. The Effect of Enzymes and Hydrolysis Conditions on
Degree of Hydrolysis and DPPH Radical Scavenging Activity of Whey
Protein Hydrolysates. Curr Res Dairy Sci (2011) 3:25-35. doi: 10.3923/
crds.2011.25.35

Kumar D, Chatli MK, Singh R, Mehta N, Kumar P. Enzymatic Hydrolysis of
Camel Milk Proteins and its Antioxidant Properties. ] Camel Pract Res
(2016) 23(1):33-40. doi: 10.5958/2277-8934.2016.00005.9

Kilari BP, Mudgil P, Azimullah S, Bansal N, Ojha S, Maqsood S. Effect of
Camel Milk Protein Hydrolysates Against Hyperglycemia, Hyperlipidemia,
and Associated Oxidative Stress in Streptozotocin (STZ)-Induced Diabetic
Rats. J Dairy Sci (2021) 104(2):1304-17. doi: 10.3168/jds.2020-19412

El Said ESES, El Sayed GR, Tantawy E. Effect of Camel Milk on Oxidative
Stresses in Experimentally Induced Diabetic Rabbits. Vet Res Forum (2010)
1:30-4.

Korish AA, Gader AGA, Korashy HM, Al-Drees AM, Alhaider AA,
Arafah MM. Camel Milk Attenuates the Biochemical and Morphological
Features of Diabetic Nephropathy: Inhibition of Smadl and Collagen Type
IV Synthesis. Chem Biol Interact (2015) 229:100-8. doi: 10.1016/j.cbi.2015.
01.013

Al-Asmari AK, Abbasmanthiri R, Al-Elewi AM, Al-Omani S, Al-Asmary S,
Al-Asmari SA. Camel Milk Beneficial Effects on Treating Gentamicin Induced
Alterations in Rats. ] Toxicol (2014) 2014:7. doi: 10.1155/2014/917608
Hamed H, El Feki A, Gargouri A. Evaluation of the Hepatoprotective Effect
of Combination Between Fermented Camel Milk and Rosmarinus Officinalis
Leaves Extract Against CCl 4 Induced Liver Toxicity in Mice. ] Food Sci
Technol (2019) 56(2):824-34. doi: 10.1007/s13197-018-3542-y

Darwish HA, Abd Raboh NR, Mahdy A. Camel’s Milk Alleviates Alcohol-
Induced Liver Injury in Rats. Food Chem Toxicol (2012) 50(5):1377-83.
doi: 10.1016/j.fct.2012.01.016

Korish AA, Arafah MM. Camel Milk Ameliorates Steatohepatitis, Insulin
Resistance and Lipid Peroxidation in Experimental Non-Alcoholic Fatty
Liver Disease. BMC Complement Altern Med (2013) 13(1):1-12.
doi: 10.1186/1472-6882-13-264

Dallak M. Camel’s Milk Protects Against Cadmium Chloride-Induced
Hypocromic Microcytic Anemia and Oxidative Stress in Red Blood Cells
of White Albino Rats. Am J Pharmacol Toxicol (2009) 4(4):134-41.
Al-hashem F. Camel’s Milk Alleviates Oxidative Stress and Lipid
Peroxidation Induced by Chronic Aluminum Chloride Exposure in. Am |
Appl Sci (2009) 6(11):1868-75.

Al-Ayadhi LY, Elamin NE. Camel Milk as a Potential Therapy as an
Antioxidant in Autism Spectrum Disorder (ASD). Evid Based Complement
Alternat Med (2013) 2013:8. doi: 10.1155/2013/602834

Khan MA. Immune Potentiating and Antitoxic Effects of Camel Milk
Against Cyclophosphamide-Induced Toxicity in BALB/C Mice. Int |
Health Sci (2017) 11(4):18.

Ebaid H. Neutrophil Depletion in the Early Inflammatory Phase Delayed
Cutaneous Wound Healing in Older Rats: Improvements Due to the Use of
Un-Denatured Camel Whey Protein. Diagn Pathol (2014) 9(1):1-12. doi:
10.1186/1746-1596-9-46

Hamed H, Chaari F, Ghannoudi Z, ElFeki A, Ellouz SC, Gargouri A.
Beneficial Effects of Fermented Camel Milk by Lactococcus Lactis Subsp
Cremoris on Cardiotoxicity Induced by Carbon Tetrachloride in Mice.
BioMed Pharmacother (2018) 97:107-14. doi: 10.1016/j.biopha.2017.10.057
Fernandez M, Hudson JA, Korpela R, de los Reyes-Gavilan CG. Impact on
Human Health of Microorganisms Present in Fermented Dairy Products: An
Overview. BioMed Res Int (2015) 2015:13. doi: 10.1155/2015/412714

Ali A, Bahobail A, Abdallah A. Effect of Fermentation Process on the
Improvement of Nutrition Value of Camel Milk. Int ] Multidiscip Res Dev
(2014) 2:78-81.

Ewis SA, Abdel-Rahman MS. Effect of Metformin on Glutathione and
Magnesium in Normal and Streptozotocin-Induced Diabetic Rats. ] Appl
Toxicol (1995) 15(5):387-90. doi: 10.1002/jat.2550150508

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

May JM. How Does Ascorbic Acid Prevent Endothelial Dysfunction? Free
Radic Biol Med (2000) 28(9):1421-9. doi: 10.1016/S0891-5849(00)00269-0
Knoess K. Milk Production of the Dromedary. Workshop camels Khartoum
Sudan Int Found Sci (1979) 201-14.

Yagil R, Van Creveld C, Yaaran A, Glickman A, Ziv G. Disposition Kinetics
of Oxytetracycline in Normal and Dehydrated Camels. Int congress Vet
Pharmacol Toxicol (1994). Edinburgh, UK.

Jrad Z, Girardet J-M, Adt I, Oulahal N, Degraeve P, Khorchani T, et al.
Antioxidant Activity of Camel Milk Casein Before and After In Vitro
Simulated Enzymatic Digestion. Mljekarstvo: casopis za unaprjedenje
proizvodnje i prerade mlijeka (2014) 64(4):287-94. doi: 10.15567/
mljekarstvo.2014.0408

Ozturk A, Baltaci AK, Mogulkoc R, Oztekin E, Sivrikaya A, Kurtoglu E, et al.
Effects of Zinc Deficiency and Supplementation on Malondialdehyde and
Glutathione Levels in Blood and Tissues of Rats Performing Swimming
Exercise. Biol Trace Elem Res (2003) 94(2):157-66. doi: 10.1385/BTER:
94:2:157

Haversen L, Ohlsson BG, Hahn-Zoric M, Hanson LA, Mattsby-Baltzer L.
Lactoferrin Down-Regulates the LPS-Induced Cytokine Production in
Monocytic Cells via NF-xb. Cell Immunol (2002) 220(2):83-95. doi:
10.1016/S0008-8749(03)00006-6

Otizek G, Schepetkin IA, Utegenova GA, Kirpotina LN, Andrei SR, Otizek T,
et al. Chemical Composition and Phagocyte Immunomodulatory Activity of
Ferula Iliensis Essential Oils. J Leukoc Biol (2017) 101(6):1361-71. doi:
10.1189/j1b.3A1216-518RR

Bonaventura P, Benedetti G, Albaréde F, Miossec P. Zinc and its Role in
Immunity and Inflammation. Autoimmun Rev (2015) 14(4):277-85. doi:
10.1016/j.autrev.2014.11.008

Prasad AS, Bao B, Beck FW, Sarkar FH. Zinc-Suppressed Inflammatory
Cytokines by Induction of A20-Mediated Inhibition of Nuclear Factor-b.
Nutr (2011) 27(7-8):816-23. doi: 10.1016/j.nut.2010.08.010

Agrawal RP, Saran S, Sharma P, Gupta RP, Kochar DK, Sahani MS. Effect of
Camel Milk on Residual B-Cell Function in Recent Onset Type 1 Diabetes.
Diabetes Res. Clin Pract (2007) 3(77):494-5. doi: 10.1016/
j.diabres.2007.01.012

Hamzawy MA, El-Ghandour YB, Abdel-Aziem SH, Ali ZH. Leptin and
Camel Milk Abate Oxidative Stress Status, Genotoxicity Induced in Valproic
Acid Rat Model of Autism. Int ] Immunopathol Pharmacol (2018) 32:1-11.
doi: 10.1177/2058738418785514

Sakandar HA, Ahmad S, Perveen R, Aslam HK, Shakeel A, Sadiq FA, et al.
Camel Milk and its Allied Health Claims: A Review. Prog Nutr (2018) 20:15-29.
Homayouni-Tabrizi M, Asoodeh A, Soltani M. Cytotoxic and Antioxidant
Capacity of Camel Milk Peptides: Effects of Isolated Peptide on Superoxide
Dismutase and Catalase Gene Expression. ] Food Drug Anal (2017) 25
(3):567-75. doi: 10.1016/1.ffda.2016.10.014

Ibrahim HR, Isono H, Miyata T. Potential Antioxidant Bioactive Peptides
From Camel Milk Proteins. Anim Nutr (2018) 4(3):273-80. doi: 10.1016/
j-aninu.2018.05.004

Jrad Z, Bl Hatmi H, Adt I, Girardet JM, Cakir-Kiefer C, Jardin J, et al. Effect of
Digestive Enzymes on Antimicrobial, Radical Scavenging and Angiotensin I-
Converting Enzyme Inhibitory Activities of Camel Colostrum and Milk Proteins.
Dairy Sci Technol (2014) 94(3):205-24. doi: 10.1007/s13594-013-0154-1
Al-Shamsi KA, Mudgil P, Hassan HM, Maqsood S. Camel Milk Protein
Hydrolysates With Improved Technofunctional Properties and Enhanced
Antioxidant Potential in In Vitro and in Food Model Systems. ] Dairy Sci
(2018) 101(1):47-60. doi: 10.3168/jds.2017-13194

Salami M, Moosavi-Movahedi AA, Ehsani MR, Yousefi R, Haertlé T,
Chobert JM, et al. Improvement of the Antimicrobial and Antioxidant
Activities of Camel and Bovine Whey Proteins by Limited Proteolysis.
J Agric Food Chem (2010) 58(6):3297-302. doi: 10.1021/jf9033283

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

Frontiers in Immunology | www.frontiersin.org

April 2022 | Volume 13 | Article 855342


https://doi.org/10.1017/S0022029911000628
https://doi.org/10.1017/S0022029911000628
https://doi.org/10.1016/j.smallrumres.2016.05.002
https://doi.org/10.1016/j.smallrumres.2016.05.002
https://doi.org/10.3923/crds.2011.25.35
https://doi.org/10.3923/crds.2011.25.35
https://doi.org/10.5958/2277&ndash;8934.2016.00005.9
https://doi.org/10.3168/jds.2020-19412
https://doi.org/10.1016/j.cbi.2015.01.013
https://doi.org/10.1016/j.cbi.2015.01.013
https://doi.org/10.1155/2014/917608
https://doi.org/10.1007/s13197-018-3542-y
https://doi.org/10.1016/j.fct.2012.01.016
https://doi.org/10.1186/1472-6882-13-264
https://doi.org/10.1155/2013/602834
https://doi.org/10.1186/1746-1596-9-46
https://doi.org/10.1016/j.biopha.2017.10.057
https://doi.org/10.1155/2015/412714
https://doi.org/10.1002/jat.2550150508
https://doi.org/10.1016/S0891-5849(00)00269-0
https://doi.org/10.15567/mljekarstvo.2014.0408
https://doi.org/10.15567/mljekarstvo.2014.0408
https://doi.org/10.1385/BTER:94:2:157
https://doi.org/10.1385/BTER:94:2:157
https://doi.org/10.1016/S0008-8749(03)00006-6
https://doi.org/10.1189/jlb.3A1216-518RR
https://doi.org/10.1016/j.autrev.2014.11.008
https://doi.org/10.1016/j.nut.2010.08.010
https://doi.org/10.1016/j.diabres.2007.01.012
https://doi.org/10.1016/j.diabres.2007.01.012
https://doi.org/10.1177/2058738418785514
https://doi.org/10.1016/j.jfda.2016.10.014
https://doi.org/10.1016/j.aninu.2018.05.004
https://doi.org/10.1016/j.aninu.2018.05.004
https://doi.org/10.1007/s13594-013-0154-1
https://doi.org/10.3168/jds.2017-13194
https://doi.org/10.1021/jf9033283
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Behrouz et al.

Pharmacology Effects of Camel Milk

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Behrouz, Saadat, Memarzia, Sarir, Folkerts and Boskabady. This is
an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Immunology | www.frontiersin.org

April 2022 | Volume 13 | Article 855342


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Behrouz et al.

Pharmacology Effects of Camel Milk

GLOSSARY

ABTS
ACE
AChE
ACP
AKT
ALP
ALT
ARDS
o-La
ASD
AST
B-CN
p-Lg
BUN
CAT
CLA
CM
CMPH
CRC
CRP
CWP
CYP
DAl
DMWP
DN
DNA
DOPA
DPPH
DSS
ERK
Fas
FCM
FNP
FRAP
GPx
GR
GSH
GST
v-GT

3-ethylbenzthiazoline-6-sulphonic acid
Angiotensin-converting enzyme
Acetylcholinesterase

Acid phosphatase

Protein kinase B

Alkaline phosphatase

Alanine aminotransferase

Acute respiratory distress syndrome
Alpha-lactalbumin

Autism spectrum disorder
Aspartate aminotransferase
Beta-Caseins

Beta-lactoglobulin

Blood urea nitrogen

catalase

Conjugated linoleic acid

camel milk

Camel milk protein hydrolysis
Colorectal Cancer

C reactive protein

Camel whey protein
Cyclophosphamide

Disease activity index

Un-denatured whey proteins
Diabetic nephropathy
Deoxyribonucleic acid

Dopamine
2;2-diphenyl-1-picryl-hydrazyl-hydrate
Sodium dextran sulfate

Extracellular signal-regulated kinases
Programmed cell death-receptor
Fermented camel milk
Fenpropathrin

Ferric reducing antioxidant power
Glutathione peroxidase

Glutathione reductase

Glutathione

Glutathione transferase

gamma glutamy! transferase

(Continued)

Continued

HDL high-density lipoprotein

HP Hydroperoxide

IBD Inflammatory bowel disease

IFN-y  Interferon gamma

o] Immunoglobulin

IkB-oo  nuclear factor of kappa light polypeptide gene enhancer in B-cells
inhibitor, alpha

IL Interleukin

iNOS Inducible nitric oxide synthase

JNK c-Jun N-terminal kinases

KIM-1  Kidney Injury Molecule-1

LAB Lactic acid bacteria

LDH Lactate dehydrogenase

Lf Lactoferrin

LPS Lipopolysaccharide

MAPK  Mitogen-activated protein kinases

MCP-1  Monocyte chemoattractant protein-1

MDA malondialdehyde

MPO Myeloperoxidase

NAFLD Nonalcoholic fatty liver disease

NF-xB  Nuclear factor kappa B

NO Nitric oxide

NOX-1  Nicotinamide adenine dinucleotide phosphate oxidase

PALS  Periarteriolar lymphoid sheaths

PGRP-  Peptidoglycan recognition protein-1

1

RA Rheumatoid arthritis

RIS Radiation injury score

ROS Reactive oxygen species

SOD Superoxide dismutase

TAC Total antioxidant capacity

T1D Type 1 diabetes

T2D Type 2 diabetes

TFA Total fatty acids

TGF- Transforming growth factor beta 1

p1

Th T helper

TL Total lipids

TLR Toll-like receptor-4

TNBS  Trinitrobenzene sulfonic acid

TNF-oo  tumor Necrosis Factor alpha

VEGF  vascular endothelial growth factor

VPA Valproic acid
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