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ABSTRACT

Alcoholic liver disease (ALD) is a general term used to refer to these alcohol-related liver damage. In this study,
we investigated the hepatoprotective effect of camel milk (CM) in an ALD mouse model and its underlying mechanism
at the transcriptome level. Male C57BL/6NCr were divided into 3 groups: normal diet (NC) ; normal diet, then ethanol
(ET); and normal diet, then ethanol and camel milk (ET+CM). Comparative hepatic transcriptome analysis among the
groups was performed by Illumina RNA sequencing. The result showed that a total of 526.76+19.87, 563.04+17.84, and
513.56+20.41 million clean reads were obtained for the NC, ET, and ET+CM groups, respectively. Compared with the
Et group, 423 differentially expressed genes (DEGs) (including 160 upregulated and 263 downregulated genes) were
identified in the NC group, and 186 differentially expressed genes (including 62 upregulated and 124 downregulated
genes) were identified in the ET+CM group. The enrichment analyses revealed that the NOD-like receptor signaling
pathway, the Toll-like receptor signaling pathway, the MAPK signaling pathway, and mTOR signaling pathway
enriched the most differentially expressed genes. The findings of this study provide insights into the development
of nutrition-related therapies for alcoholic liver disease (ALD) with camel milk.
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Alcoholic liver disease (ALD) is one of the main
causes of chronic liver disease worldwide, including
fatty liver, alcoholic hepatitis (AH) and cirrhosis and
its complications (Singal et al, 2018). ALD can also
be superimposed on other common liver diseases,
including nonalcoholic liver disease (NAFLD) and
hepatitis C virus (HCV) infection, accentuating their
prevalence and severity (Dunn and Shah, 2016).
Ethanol oxidative metabolism influences intracellular
signaling pathways and deranges the transcriptional
control of several genes, leading to fat accumulation,
fibrogenesis and activation of innate and adaptive
immunity (Ceni et al, 2014). The investigations
have found that intracellular signal transduction
pathways, transcription factors, innate immunity and
chemokines participate in the pathogenesis of ALD
(Gao and Bataller, 2011).

Camel milk has been reported to possess
various human health benefits and used as a
medicine to treat human diseases such as hepatitis,
spleen problems etc. Camel milk is known to exhibit

significant antioxidant effects as well as possess
protective proteins which includes lysozyme,
lactoperoxidase and lactoferrin (Krishnankutty et
al, 2018). Studies have shown that the milk intake
of camels may play an important role in reducing
alcoholic liver damage (Ming et al, 2020 and
Darwish et al, 2012). Therefore, CM can be used
as a supplementary member in the treatment and
management of ALD. Our previous study suggested
that camel milk (CM) modulates liver inflammation
and alleviates the intestinal microbial disorder caused
by acute alcohol injury. In the present study, we
investigated the hepatoprotective effects of CM and
the underlying mechanism at the transcriptome levels
in a mouse model of chronic alcoholic liver disease.

Materials and Methods

Ethics statement and animals

This study was approved by the Review
Committee for the Use of Human or Animal Subjects
of the Food Science and Engineering College of Inner

SEND REPRINT REQUEST TO LIANG MING email: bmlimau@163.com

Journal of Camel Practice and Research

April 2021/ 17



Mongolia Agricultural University (Hohhot, China).
All procedures were conducted according to the
National Institutes of Health Guidelines for the Care
and Use of Laboratory Animals (Publication No.85-23,
revised 1985).

SPF male C57BL/6NCr mice (21+23 g) were
obtained from Beijing Weitong Lihua Laboratory
Animal Technology Co., Ltd. (China; license number
SCXK 2016-0006). Mice were maintained in ventilated
cages (3 per cage) under the following conditions:
22+2°C; 50 to 60% relative humidity; 12h light and
dark cycle. Mice were given free access to food and
water. All food, water, and experimental equipment
were sterilised before use.

Camel milk administration

Bactrian camel milk was collected from a private
camel farm in Bayan Nur City, Inner Mongolia, China,
and transported to the laboratory in cool boxes. Milk
samples were centrifuged at 3,500 r/min at 4°C for
40 min to remove the milk fat, heated in a water bath
at 65°C for 30 min, and freeze-dried under vacuum.
Skimmed CM powder was stored at -20°C.

Experimental groups and treatment protocol

In this experiment, the NIAAA mouse model
was established by referring to the previous research
(Darwish et al, 2012 and Ming et al, 2020). After one
week acclimation, a total of 9 mice were randomly
divided into 3 groups: (1) the NC group (n = 3), given
a ordinary maintenance feed for 10 weeks; (2) the ET
group (n = 3), given a Lieber-DeCarli liquid diet for
the first weeks, then an ethanol-containing Lieber-
DeCarli liquid diet (i.e., 5% ethanol v/v accounted
for 36% the total caloric intake) for another 9 weeks;
(3) the ET+CM group (n = 3), given a Lieber-DeCarli
liquid diet for the first weeks, then an ethanol-
containing Lieber-DeCarli liquid diet and skimmed
CM powder (3g/kg of BW; MOH, 2003) dissolved in
0.3mL of double-distilled water and fed for another
9 weeks.

After modeling, the animals were fasted for 9h
and anesthetised with isoflurane gas. Liver samples
were collected and stored at -80°C.

mRNA sequencing of liver tissue

To clarify the mechanism responsible for
the protective effect of CM on liver tissue, RNA
sequencing was performed on 9 liver samples:
NC0101, NC0112, and NC0113 from the NC group;
ET0132, ET0202, and ET0212 from the ET group;
and CE0221, CE0242, and CE0321 from the ET+CM
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group after intervention. High-throughput mRNA
sequencing was performed at the Shanghai Ma-jorbio
Bio-Pharm Technology Co.

Total RNA was extracted using TRIzol reagent
(In-vitrogen, Carlsbad, CA), and the transcriptome
library was constructed using the TruSeq RNA
Sample Preparation Kit (Illumina), according to
the manufacturers” instructions. The libraries were
sequenced on a HiSeq 4000 ultra-high-throughput
sequencing system (Illu-mina), and all sequences
were submitted to the NCBI SRA under accession no.
PRJNA680682.

After obtaining the raw data, the sequencing
adapters, low-quality reads, and those containing
ploy-N were removed using in-house perl scripts.
The Q20, Q30, GC content, reads, and bases were
then calculated from cleaned raw data. The clean
reads were mapped to the reference genome of Mus
musculus (GRCm38.p6) using TopHat2 software (v.
2.1.1; Dong et al, 2019). Read counts for all mapped
genes were calculated using RSEM (v.1.3.3; http://
deweylab.biostat.wisc.edu/rsem/). Differentially
expressed genes (DEGs) were identified using the
edgeR package (v. 3.24.3; R Foundation for Statistical
Computing, Vienna, Austria) based on P < 0.05
and |log2-fold change| = 2. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses of DEG
were performed using the relevant databases. The
Benjamini-Hochberg approach was used to adjust
P-values for controlling the false discovery rate (Ben-
jamini and Hochberg, 1995) and a false discovery rate
<0.05 indicated significant enrichment.

Statistical analysis

Statistical significance in the DEG analyses was
performed using the R statistical package. Values of p
< 0.05 were considered statistically significant.

Results and Discussion

Overview of RNA sequencing analysis

After removing the low-quality reads and
quality control, a total of 526.76+19.87, 563.04+17.84,
and 513.56420.41 million clean reads were obtained
for the NC, ET, and ET+CM groups, respectively
(Table 1). The clean GC content of each group ranged
from 49.17 to 50.68%, the value of Q20 ranged from
98.92 to 99.05%, and the value of Q30 ranged from
96.29 to 96.71% (Table S1). To evaluate the quality
of the RNA-Seq data, the total clean reads were
mapped to the reference genome. A high proportion
of the clean reads were mapped to the mouse
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reference genome using TopHat2 (http://ccb.jhu.
edu/software/tophat/index.shtml) ; that is, 86.80%
from NC, 85.12% from ET, and 85.21% from ET+CM
(Table 1). Through TopHat2 analysis, more than 94%
of the reads of each group were mapped to known
genes, and more than 83% of the reads were mapped
to exons. These results indicated the reliability of the
RNA-Seq data.

Table S1. Statistics of RNA-seq.

molecular function (n = 9; Fig S1). The highly enriched
GO terms were in the binding (GO: 0005488), cell
part (GO: 0044464), cellular process (GO: 0009987),
biological regulation (GO: 0065007), organelle (GO:
0043226), and metabolic process (GO: 0008152)
groups.

Furthermore, the genes were annotated and
classified using the KEGG database. As shown in Fig
52, genes assigned to human diseases (48) occupied

Gene annotation and functional analysis

The genes were aligned with public databases,
such as the RefSeq non-redundant proteins (NR),
the Gene Ontology (GO) database, the Cluster of
Orthologous Groups of proteins (COG), the Swiss-
Port, the Kyoto Encyclopedia of Genes and Genomes
(KEGG), and the Protein families (Pfam ). As shown
in table 2, most of the genes were annotated using
the NR database (93.46%), followed by GO (85.83%),
COG (84.81%), Swiss-Port (83.12%), KEGG (64.98%)
and Pfam (64.59%).

GO is an international standardised gene
functional classification system. In total, there were
22287 genes mapped in the GO database (Fig S1).
The biological process group possessed more terms
than the cellular component and molecular function
groups and 65 terms were enriched in biological
process (n = 21), cellular component (n = 15), and
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Roads 020 | 9% | cc the max.imum propor.tion, follqwed by thosg assigned
Sample |\ mber | B2ses (0P) | g (%) (%) to environmental information processing (34),
NCO101 | 53773458 | 8037719775 | 98.97 | 9651 | 50.68 organismal systems (33), metabolism (22), cellular
processes (19) and genetic information processing (4).
NCO0112 | 53871652 | 7984617085 | 99.04 | 96.69 | 49.17
NCO0113 | 50382590 | 7515918115 | 989 | 96.32 | 49.69 Table 2. Functional annotation of transcriptome data in three
ETO0132 | 56078612 | 8370264136 | 98.92 | 96.29 | 49.73 public databases.
ET0202 | 58189636 | 8704281225 | 98.99 | 96.49 | 49.72 Data base Annotated Per cent
ET0212 | 54642576 | 8126486791 | 99.01 96.59 49.5 NR 24269 93.46
CE0221 | 53187818 | 7909360831 | 99.05 | 96.71 49.6 GO 22287 85.83
CE0242 | 49155490 | 7259103921 | 99.02 | 96.65 | 49.81 COG 22022 84.81
CE0321 | 51725642 | 7693583159 | 98.97 | 96.46 | 49.49 Swiss-Port 21583 83.12
Table 1. Summary of RNA-sequencing data. KEGG 16873 64.98
Pfam 16772 64.59
Sample NC ET CE
. 52676+ | 563.042 | 513562 Analysis of differentially expressed genes (DEGs)
Total reads (x107) 19.87 17.84 20.41 Gene expression levels of NC, ET, and ET+CM
were quantified and compared (Fig 1). The genes with
Total mapped reads (x10) | 20090% | 53248+ | 485.01 q . pare (Fig 1) 8¢
22.60 18.80 19.59 a reads per kilobases per million (RPKM) ratio greater
Mapped to reference s650% | s512% | 85019 t}}an two fold were defined as DEGs. As shown in
genome (%) Fig 1A, a total of 11,817, 11,092, and 10,987 DEGs
Mapped to gene (%) 95.08% | 94.57% | 94.44% were identified in the NC, ET, and ET+CM groups,
Mapped to exon (%) 83.46% | 83.87% | 83.28% respectively. Among these DEGs, there were 853, 212,
Mapped to intergene (%) 0.46% 0.42% 0.43% and 180 DEGs uniquely expressed in NC, ET, and

ET+CM, respectively. Moreover, 10,489 DEGs were
commonly expressed in all the groups.

Significant DEGs, including upregulated or
downregulated genes, were identified by DEGseq
(Fig 1B). Compared with the Et group, 423 DEGs
(including 160 upregulated and 263 downregulated
genes) were identified in the NC group; 186 DEGs
(including 62 upregulated and 124 downregulated
genes) were identified in the ET+CM group.

KEGG enrichmnent analyses of DEGs

To gain insight into the potential mechanisms
responsible for the protective effects of camel milk
against ALD, we performed KEGG enrichment
analysis of DEG in the liver identified by comparisons
of the ET and NC groups and the ET+CM and ET
groups. Table S2 and Table 3 summarise the KEGG
pathways that were significantly enriched in each
comparison group.
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Through analysis, we found compared with
NC group, DEGs related to NOD-like receptor
signaling pathway (map04621) and Toll-like receptor
signaling pathway (map04620) were significantly
down-regulated in ET group (Table S2). Based on
this result, it is speculated that ethanol may destroy
the NOD-like receptor pathway and activate the Toll-
like receptor pathway, and aggravate alcoholic liver
damage in mice.

As shown in table 3, the DEGs related to the
MAPK signaling pathway (map04010) and the mTOR
signaling pathway (map04150) in the ET+CM group
were significantly down-regulated compared with the
ET group. Therefore, targeting the MAPKSs signaling
pathway and mTOR signaling pathway may be an
effective treatment strategy to inhibit the deterioration
of liver injury.
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Fig 1. Statistical analysis of the gene expression detected by
RNA-sequencing (RNA-Seq). (A) Venn diagram of gene
counts expressed in the NC, ET and ET+CM groups. (B)
Number of total differentially expressed genes (DEGs)
and down or upregulated DEGs, respectively.
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Table 3. Statistics on the KEGG pathway enrichment of DEGs
between ET+CM and ET.

Pathway Pathway ET up ET+CM

D up P Value

Circadian

map04710 rhythm 2 1
TGF-beta
signaling 2 3
pathway

MicroRNAs in

map05206 4 2
cancer

4.47x1074

map04350 2.54x107

9.89x1074

map04978 Mineral 3 0

-3
absorption 9.32x10

Signaling
pathways
regulating 2 2
pluripotency of
stem cells

map04550 8.23x1073

mapogot | [msulin 2 1

. 1.88x1072
resistance

Hippo signaling

2
pathway 1.52x10

map04390

map00590 Arachidonic 2 1

—2
acid metabolism 1.81x10

AGE-RAGE
signaling
pathway 1 2

in diabetic
complications
MAPK
signaling 3 2
pathway

map04933 2.33x1072

map04010 2.70x1072

mTOR signaling
pathway

AMPK
signaling 3 0
pathway

map04150 3.35x1072

map04152 3.69x1072

FoxO signaling
pathway

Steroid
hormone 1 2
biosynthesis

map04068 4.72x1072

map00140 3.34x1072

map04210 Apoptosis 2 2 4.68x1072

Adipocytokine
signaling 1 1
pathway

map04920 4.62x1072

ET up: the DEGs which were up-regulated in ethanol group,
ET+CM up: the DEGs which were up-regulated in ethanol plus
astaxanthin group.

The development of alcoholic liver disease
(ALD) is a complex process. The increase of oxidative
stress and the activation of the innate immune system
are essential elements in the pathophysiology of ALD.
The oxidative stress of exposure to ethanol is due to
the increased production of reactive oxygen species.
The antioxidant activity of liver cells is reduced, and
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Fig S1. Histogram presentation of gene distribution in Gene Ontology (GO) functional classification. The x-axis represents level
to GO terms; the left y-axis represents gene numbers in each GO term. Genes were further classified into sub-groups in

biological process, cellular component and molecular function.

Neurodegeneralive disease
Infectious disease viral
Infectious disease: parasilic
Infectious disease: bacterial
Immune disease

Endocrine and metabolic disease
Cardiovascular disease

Cancer: specitic types

Cancer: overview

Immune system

Excretory system

Environmental adaptation
Endocrine system

Digestive system

Development and regeneration
Circulatory system

Aging

Transport and catabolism
Cellular community - eukaryotes
Cell growth and death

Signaling molecules and interaction
Signal transduction

Translation

Folding, sorting and degradation
Xenobiotics biodegradation and metabolism
Nucleotide metabolism

Metabolism of other amino acids
Metabolism of cofactors and vitamins
Lipid metabolism

Glycan biosynthesis and metabolism
Carbohydrate metabolism

Amino acid metabolism

KEGG pathways

Histogram of KEGG

6

[ Metabolism

[ Genetic Information Proc

B Environmental Information

M Cellular Processes
Organismal Systems

' Human Diseases

T
2 4 6 8

Number of genes

Fig S2. Histogram presentation of gene distribution in KEGG classification. The x-axis represents level to KEGG terms; the left y-axis
represents gene numbers in each term. Genes were further classified into sub-groups in metabolism, signal transduction,
human diseases and cell process.

the cells and circulating components of the innate
immune system are activated by exposure to ethanol,
thereby exacerbating ethanol-induced liver damage
(Cohen et al, 2011). Previous studies have shown that
camel milk can enhance the body’s immune system
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(Khan, 2017), reduce the risk of cancer (Badawy et
al, 2018) and lower blood sugar and anti-thrombotic
effects (Korish et al, 2020). In addition, camel milk
also has a potential protective effect on liver injury,
by inhibiting lipid peroxidation, enhancing the
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Table S2. Statistics on the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment of DEGs between NC and ET.

Pathway Pathwa NCHETT b value map0aezo | TolHlikereceptor {5t 5 g0
y p
ID up | up signaling pathway
. . —13 . _ .
map00830 | Retinol metabolism 4 | 14 | 1.31x10 map04623 Cytosolic DNA-sensing 5 | 1 | 557x107
Steroid hormone - pathway
map00140 biosynthesis 1|15 | 9860 Staphylococcus aureus
y map05150 A 15 | 0 | 5.79x107
Chemical - infection
map05204 carcinogenesis 2 | 13| 276x10°7 Fc gamma R-mediated
& map04666 | - 8T . 11 | 1 | 8.99x107

Hematopoietic cell - phagocytosis

map04640 lincage 18 | 0 | 1.76x1078 Primar
8 map05340 | . REY. 11 | 0 | 9.71x107™
map05140 Leishmaniasis 16 | 1 | 1.63x1077 Y
Epstein-B . Metabolism of
map05169 pstein-barr virus 22 | 3 | 1.13x1076 map00980 xenobiotics by 2 | 5] 111%107
infection
cytochrome P450
00500 | Arachidonicacid ]y 1 g 5 g3y Systemic lupus
map metabolism : map05322 Y P 15 | 1 | 1.74x1073
erythematosus
5
map05310 Asthma 14 | 1 [124¥10 map05143 | African trypanosomosis | 9 0 | 1.72x1073
map05152 Tuberculosis 18 [ 0 | 1.13x107° Cvtokine-cvtokine
) — - map04060 [ YO YO 10 | 1 | 213x103
map05323 | Rheumatoid arthritis 16 | 1 | 1.67x10 receptor interaction

NOD-like receptor -5 04010 MAPK signaling 6 6 | 2.20x1073

map04621 signaling pathway 14 1| 26110 map pathway ’
Linoleic acid -5 Osteoclast -3
map00591 metabolism 0 7 | 25710 map04380 differentiation 413 [ 2210
map04659 | Th17 cell differentiation | 10 | 3 | 2.48x1075 map04062 Chemijl;itrﬁt;s;gnaﬁng s | 1| 297x1073
map04145 Phagosome 18 | 1 | 3.80x107 Y
Human T-cell leukemia -
Intestinal immune . map05166 virus 1 infection 10 | 4 [ 290x107
map04672 network for IgA 14 | 0 | 7.85x107
production Dilated
— = map05414 cardiomyopathy 11 | 0 | 3.23x1073
map05330 Allograft rejection 15 | 0 | 8.61x10 (DCM)

Natural killer cell -4 Pentose phosphate _
map04650 mediated cytotoxicity ] 2] 12540 map00030 patﬁwayp 0 | 4|373x107
map05320 Autoim(;tflune thyroid 15 | 0 | 1.39x1074 map04931 Insulin resistance 0 | 6 | 433x107

isease
Phospholipase D -
Inflammatory mediator ) map04072 signalIi)ng p};thway 10 | 1 | 4.91x107
map04750 regulation of TRP 3 6 | 1.80x10™ -
channels map009g3 | Prugmetabolism-f 5 o5 50003
— - = other enzymes
map00100 | Steroid biosynthesis 4 0 | 1.73x10™ —
- map05145 Toxoplasmosis 7 | 0 [ 5491073
map05164 Influenza A 13 | 1 | 2.08x1074
- - AGE-RAGE signaling
map04662 B cell receptor signaling 10 | 2 | 2.24x1074 map04933 | pathway in diabetic 3 | 3| 645x1073
pathway complications
map05146 Amoebiasis 11 | 2 | 2.54x10™ map05160 Hepatitis C 7 2 | 7.10x1073
map05416 Viral myocarditis 16 | 0 | 2.93x10* map04726 | Serotonergic synapse 0 | 7 | 775%x1073
map04658 Th.l and T.h2. cell 9 | 1 | 3.45%x1074 map04710 Circadian rhythm 1 |2 [ 763x1073
differentiation
map04668 | TNF signaling pathway [ 5 1 | 8.46x1073
map05321 Inflammatory bowel 7 | 2 | 3.63%x1074
P disease (IBD) : Synthesis and

5 ol map00072 | degradation of ketone | 2 | 0 [ 9.93x1073
map009s2 | Drugmetabolism -5 ) 5 g 1g.7074 bodies

cytochrome P450

- - - NC up: the DEGs which were up-regulated in control
map04664 Fc epsilon Rl signaling 10 | 1 | 438x104 group, ET up: the DEGs which were up-regulated in ethanol
pathway group.
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antioxidant defence system, inhibiting cell apoptosis
and liver inflammation, and protecting the liver from
ethanol-induced liver injury (Hamed ef al, 2019 and
Ming et al, 2020). This study mainly discussed the
in vivo experiment of feeding the mouse model of
chronic alcoholic liver injury with camel milk, and
performed the transcriptomics analysis on the liver
samples of ALD mice. Based on the selected DEGs,
many significantly changed GO functions and KEGG
pathway enrichment were found. At the same time, it
was found that most of the enriched KEGG pathway
is related to the immune system and oxidative stress.
The study further confirmed that camel milk can
effectively prevent liver damage caused by ethanol.

Alcoholic liver disease (ALD) caused by alcohol
abuse is the main cause of acute and chronic liver
damage (Lamas-Paz et al, 2018). In previous studies,
it was found that alcohol can damage the immune
system-related NOD-like receptor signaling pathway
(Liu et al, 2019) and Toll-like receptor signaling
pathway (Saikia et al, 2017) and cause alcoholic liver
damage. The NOD-like receptor signaling pathway is
involved in the occurrence of inflammatory diseases.
Ethanol can destroy the NOD-like receptor signaling
pathway in the body and significantly aggravate liver
steatosis, inflammation and fibrosis. At the same
time, the levels of serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) in mice
also increase (Ji et al, 2020). Improper stimulation of
Toll-like receptor signaling pathway plays a key role
in inflammation and autoimmunity (Chen and Sun,
2011). Data showed that alcoholic steatohepatitis is not
only caused by liver cell damage and reactive oxygen
stress, but also by increased binding of specific ligands
to their receptors, includes lipopolysaccharide bound
to toll-like receptors. Therefore, Toll-like receptor
signaling pathway is closely related to alcoholic
liver injury (Byun et al, 2013). The study found that,
the DEGs related to NOD-like receptor signaling
pathway and Toll-like receptor signaling pathway
were significantly down-regulated in the ET group
compared with the NC group. This result may be due
to alcohol destroying the NOD-like receptor signaling
pathway and Toll-like receptor signaling pathway
causing alcoholic liver damage in mice.

Previous studies have also shown that alcohol
activates the MAPK signaling pathway (Cui et al,
2019) and the mTOR signaling pathway (Chen et
al, 2018) causes liver damage. Mitogen activated
protein kinase (MAPK) pathways are the main signal
transduction pathway that controlled cell life and
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death. The activation of MAPKSs is related to oxidative
stress in the liver of mice. MAPKs play significant
role in a myriad of pathophysiological pathways
(Sadek et al, 2018). In recent years, a large number
of reports have shown that the MAPKs signaling
pathway plays a vital role in liver injury-related
diseases (Li ef al, 2017 and Morio et al, 2013). This
study proved that camel milk can down-regulate
the activation of the MAPK pathway and effectively
inhibit the activation of MAPKSs in a mouse model of
alcoholic liver injury. The mTOR signaling pathway
is the key to the regulation and treatment of liver
injury (Wang et al, 2019). More studies have found
that inhibition of mTOR signaling pathway can
reduce liver fibrosis (Zhang et al, 2019), prevent
alcoholic liver disease (Tedesco et al, 2018) and treat
liver damage (Wang et al, 2019). The results of the
study showed that compared with ET mice, DEGs
related to mTOR signaling pathway were significantly
down-regulated in ET+CM mice. This result might be
because camel milk effectively inhibited the mTOR
signaling pathway and interfered with liver damage
caused by alcohol intake in mice.

According to this study, we can infer that in
ALD mice or patients, camel milk can prevent further
liver damage caused by long-term alcohol intake
by inhibiting MAPK signaling pathway and mTOR
signaling pathway.
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