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WL AT ALD DR E A AR R AT M A AL TEARY HE ARG IR & TR ALD 71248
W 18 B T o) B T RE

A 353235, 16S rRNA; 12 MEEMH B4 i d

XEHRE  1009-7848(2022)01-0078-10  DOI: 10.16429/j.1009-7848.2022.01.009

g LR S M EAR AR, R SR TG 2 BF 9 (Aleoholic liver disease, ALD)J&

B YR TR R B LR T T S R
PE MZ B AN EZ, ERILLE T REND
VTR SR R A LA BRI R AR M,
ARk A SCHRHE , 5 H B LM I JE A T
Y& ERE, A E 10° CFU/mL?, 3 H A
0 i TE N AR WA, fR R R ) B s A
FHBIL XU SEWRIFGE e I 52 iy [ 3 B L rh 43 25 i i) )
T FLAFT RO AN B A 5 AR TRV T, DX
DA AT AR B O il 350, T 3 AR R R
i L7 25 8 S T 00, 30 B 3 S L AT AR R o i i
DRRE A Tl me e L ) o

KA. 2020-12-30

BB . BEZRELSU LI H (2020YFE0203300) ; 4
S HIA KR RO A6 4 11 (AMCG201911) 5
mIRWRAA GRS i H  (NDYB2017-
28) s W — i 2E B A A #  35 H (NDSC2018-
14) 5 52l [ SRR 2% 564 1 B (2018BS03017)

EEEN . AF(1994—) , 2 i+

BIEEE. WS E-mail: bmlimau@163.com

A {H FURH DL ] TR B 2 —, BRSOl
ALD BFA LEAN, IFHE2KIET AT
6% i ALD 51 1Pl 8 J& ALD &35 1B 25A
SY R, AT B 1k ALD SR & AR i — B AR
WFIERW], R K TR 23 36 1 1 5t W 1) e e
fig 71 38 0 i 18 S A 1 6 AR W 7 W iR 2 R
(Lipopolysaccharide , LPS) & {3 21| IfiL. & F1 JH- ik 81,
FURRAE L, I BT 5 0 3507 A= 03 [
YERT, TS Bl 195 22 ¥ | 3 AL ALDP Ming 251 fF
gt 7 W1 0% v 2138 1 9 ALD /)N BB 8 TR R R U5
FRRFMERAE N, A HEIRATER . BLEWRSEER
B, W 1 W HE S ALD A&k B 25 DI AH OC | i 5 #E
Ii1] 7 3 TR AR 97 FTREXT ALD A %4, EAE ALD
A R A, S8 R 5 7 R A )
HEY AL, LA SARTT IS BEFL X ALD T A W) 2 A1
Ry Ao 5 A 1) 2 ) B AT E R

ASZEG LAGE BEFL R JRURE, { ] NTAAA #5815
K8 E ALD /N BRI 5T X6 42, B 9% 5 B 7L X 18 1
AR S 0 /0 U T TR A 22 R 1 S L 5 1Y) 52
M), L3 DAy 5 B L 4 A TR Y T K S HE BB AR A



B228 H1M

B2 ST 1R ML B AR T B ) RO 1 AR R 79

1 MRERE®
1.1 W 5HR G

SPF 2 Ik CSTBL/ONCr /B, b 5t 4 i 1) 42
LR EARARAF, FAHES :SCXK (51)
2016-0006, 17T IVC sh¥) L8 RGN, Fifi
20~25 °C, HARRIE 50%~60%, 5B 38 FI
12 h,

GEEFL R A NS AR X E R TR IX
Lieber—DeCarli (Lieber—DeCarli, LDC) #& A& 45 4} | 74
IR AR R R AT BR A B A2 7= VR AT IR S < 95 4R]
ik (2014)06092

/IR Z B (Lipopolysaccharide, LPS)ELISA
W &, LR AE YR A R R K
CH;CH,OH (GR) , [ 24 5 1 b~ 35450 47 BR 2% 7] S E.
Z.N.A.® Soil DNA #2171 & , 55 E Omega Bio—
Tek 23 7] ; MiSeq I /37 12055 & , 5€ [ Tllumina 2 7 ;
FastPfu Polymerase AxyPrep DNA Gel Extraction
W&, L E Axygen 28] @K &, 5 [H Bio
Scientific 23 H] .

12 UHF5EE

H2S R U THEPL(2014-18Ab) , LR Omega
Bio-Tek & e RHE B A RA w5 6 20w s R e
L>HL(5810R), 3 [E Eppendorf 22 F] 5 2 I 58 il fL
A MY (Synergy H1), 3% [E BioTek 2\ Al ; Richter

WRFRAE, P G A I AR AR R BT PR 7 5 B2 IR
TRATHE (DW-88L388]) , T & g /K el L A5 A7 B2
w5 RS T B AR (DHG-9030A) | HL B i i 7K
1 (DK-8AXX), g —HFF 2 AL A BR A 7] 5 57
N ZETROK A A7 (SQ510C) , -1 H1 22 PR 97 2 A
J 7 TAE G (SW-CJ-2FD) , b st AR BRI R 10
il ) 5 B A 2 6O B T (NanoDrop2000) , 35 [
Thermo Fisher Scientific 2% ] ; LKL (DYY-6C),
b5 N — AL AR T ;PCR 1Y (ABI GeneAmp®
9700), 3 [E ABI A #l; Wl )J¥ 4L (Illumina Miseq) ,
FE Mlumina 25,

1.3 A
1.3.1 - S5HUE
1) sh¥scs  /NEGE N HEENE 1R R B

24 H/NEEERL R 4 4, %R (Con,n=6) 5l
20 (Et,n=6) 5% 53¢ 3L & 4 (EtCM ,n=6) fi1 4~ FL 7|
2] (EINM ,n=6) , 28 JUT 1] WG Ash A0 512 56 Ak 3 4
1R, HEERIERTE, T M Richter IR
A G 30 mL/H -d, JFIR SRR | BRI
BN R 2K SEg SR T 8 JA L A 4 JE AL
TR L A RE AN HEATVE B B0 J5 4 TR Dy 5K
AAR HEE G AP K B HEE LR EY
AL 0.3 mL,

x1 SAMEARARMNLELE

Table 1 Feed and experimental treatments for each group
28 %) ] AR CEVE &) A TR A (5 2~9 A) HEER
x4 F8 4L Con 6 kS LDC *} J8 i 4k 47 A2 3K ,0.3 mL
BEA 4 Et 6 3 LDC 7B 4 i A4 4 422 3K 0.3 mL
B SLA B EICM 6 & LDC i #r iz 4k 49 4 A5, 7% 3 gkg
LA B EtNM 6 2 LDC i Hy it 4R 42 4+ A 45,7 5 3 glkg
2) WL 2% Bertola BRI E . MEBLEIEARSE/NER, JFFE R ERAE & LU /MR

NIAAA AL 1), 25 1 Ji R P ook 8 1] bRy 5
2~9 G  iE R A % 2432 8 A Y 4%1LDC WK
VAT L ] IR X R A R4S A LDC X IR AR )
o L 7 S5 RO AR R RS 95 2 R H IR
5 g/kg & —UCHERE E AR B 31.5% 1N
TR, %o B ZE R S A B 1 2 SRR VA T
TWALEE S 5 bR /N B IR BE R o, 35

il ERIAE IR AF T KA 5 1Y EP B | R G TR
JERAE T =80 CUKFE . FEASFULIG HLANER 2 s,
1.3.2 v HEbekill MW E R NHE 4h 5,
I 8 B 0 (4 °C, 3 000 r/min, 25 min) 43 55 ML 1 | 3%
HECELISA 2 5 & 16 W1 43 0% J7 32 A T 1 3 o LPS
)& i (EU/L) .

1.3.3  /NEUE AT
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1.3.3.1  /NEUUCZE Wy e i 22 RE VR S 06 0
H /I B PN —80 CUkAf ML f= , PR A T UK
HE i EEAYE AR ARARNT, S5
SUR 3 I

1) EZNA® Soil DNA il 4 i 77 & i AL 2 HL
6 43 /N B FE i DNA | L 338F (5 - ACTCC
TACGGGAGGCAGCAG-3") F1 806R (5’ —GCAC
TACHVGGGTWTCTAAT-3") M54y, #47 PCR T
SEH P HS 16S TRNA BRI V3-V4 X, ]
NanoDrop2000 8 i3 5 43 006 BE 11 Fl 29% B i b o5
Ji R VKRS PCR 7™ 490 1) Jo ek R 8 DA B 52 B
PRSI Y e AT IE RS

2) PCR IERXSH K H TransGen AP221-02.
TransStart FastPfu DNA Polymerase,20 wL JZ W A&
% :4 pL 1Y 5xFastPfu Buffer,2 pL 2.5 mmol/L
dNTPs, | F 594 0.8 pL,0.4 pL FastPfu Poly-
merase,0.2 wl. BSA,10 pL. Template DNA, #x/5
i ddH,0 % 20 L, PCR &R SXn# 3 fis,

3) M 1.3.3.1(1) W LK PCR =4
1) Jox 1 A v B K 58 BV I ] FastPfu Polymerase
AxyPrep DNA Gel Extraction &7 & [7 4 PCR /=
Y. BB AC KW PCR =¥ @ &, H
NEXTFLEX Rapid DNA-Seq i £ 4 # MiSeq
PE SCJ%E . &5 A llumina Miseq PE 300 - 5 i

A7 Ve i B I
1.3.3.2 EWHEE SN MiSeq M ¢ 15 2 /Y 2

Wiy S8, IR . & e it PE reads
Fl overlap HY & 4 XS reads $F 4% (merge ) i —
K730, A B X reads 119 5T 5 AT merge B4R R 4T
Jor A5 2k 8 Uk A 51 1 R W i 1Y barcode il
SIYE NI o R i e A B AR E 81 2 Tk
JP 5 #EAT OTU R2EZJA 5 Silva 16S rRNA X5
JE (v132) #E47 FF AU % L, If R I RDP - classifier D1
M3 53 X 97% AR LK ¥ 1) OTU AUR ¥ 51 i 47

NIAAA modeling diagram

®2 MNREMEEEAER

Table 2 Mice colon stool sample information

28 3 A & AR A
(n)
Con Con0111 Con0112 Con0121 6
Con0032 Con0113 Con0043
Et Et0202 Et0222 Ei0231 6
Et0233 Et0212 Et0132
EiCM EtCM0312 EtCM0311 EtCM0221 6
EtCM0321 EtCM0242 EtCM0332
EINM EINM0442 EtNM1001 EtNM1002 6
EINM1003 EtNM1011 EtNM1033
®3 PCRREZH
Table 3 PCR reaction parameters
B JZ/C B Ja] KA
TR 95 3 min 1
L Ek
5l R 95 30 s 30
HEZE S 55 30 s
5] 4 3E AR 72 42 s
G A
72 10 min

Y4 e TR ARG 0 S 2 BT 4 2R S8 —T7
TR PP AR A YOI P AR A e A5 L0, 5y — Dy T
Alpha ZFEMESGETH4 OTU B4 A A
XFRE ) AR B Z 5 #E4T Beta Z2HEVE 41T, 15
FUA [G) A A 8] T T 445 4 22 S S 4% 27K 1 b i) 4y o
kM5 B .
1.4 HiELE

Alpha Z FPEF8 £ 11 H Wilcoxon Bk FTAS:
i M2 )5, i Graphpad prism 7 ZKF#EFT
2, HIEWA R, * P<0.05, %% P<001; 54
HUZH LA, #. P<0.05,##. P<0.01,
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HE 2 Fis, 5 Con LA ELES Et 4H/NERUMTE
HLPS 5 i 3 TE R (P<0.01) , 6 B RS S 20
B R 8 RGBS AB 45, i T TR R R A R RN T e
A (RN i 4 o ot B A KRS RN R ), 7 1 il i
PRSI, T S ECANE LPS S0 & 1 ki, 5
Et ZHAH EL 5, EtCM A1 EINM 4/ BRI 5 LPS 1)
B FERER(P<0.01) , Hir EtCM 21 /N Bl 4
LPS &t/ T Con /N, LIRSS R LW IR TEFL
AT DL B RG 5 E ) 45 i D Re B, RE 4 100 il il
B LPS & mM T .
22 a ZHMESW

KM KRR 2 AR R 2, il o 2
FEE K A OTU 2™, o Z2 M2 i 4
AT A YR TR 0 S B RN A FE R AR AR, AR S
% % FH ACE 48 U .Chao 8 #{ .Shannon 1§ %% .
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MR a ZFEH,
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Fig.2 Effect of camel milk on changes in LPS content
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alcoholic liver injury
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Fig.3 Dilution curve based on Shannon index and Sobs index

ACE F1 Chao $§ % WEFE A H BT 55 35 A= 9 B
7% =F % . 1M Shannon F1 Simpson $i§ Sz WAL A
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JEW I 4 g5 R ATAE BN FEAT) Coverage {H )
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ACE (Il 4b) #l Chao (&l 4c) 48 B 25 Rl 1 Bt 20
/NS A 1 F e A, T EtCM 21/ B
EMEHEYFEE R ES ., T HMRYE Shannon (1A
4d) F1 Simpson (&l 4e) 8 K45 Wow Bt 20/ R 3%

A Dol A W R 2 20 B 0 35 R, T ERCME 2/ B
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Venn K 0] J T 481t 2 4 5 2 4> # A vh i 3k N
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i) 2 A tp b (U OTU ) 25 44 40 0 7 K & & 1
B, S T4 AR AR B 1 413 4 .
OTU, ExCM 41FEA OTU #cht i % 35 370 4, €5 on
2 300 [ 357 2AC)
FHYRJE Con 4 ,0UT %40 357 4~ ; EtNM ZH il Et 41 25 m; - ® EINM
. = C © (CF N
OUT 41 345 A1 341 A~ KI K REERI, 5 T -

FHONER OTU £ A e BEAR X 7T 8 il T IR0 4/
S T TR R O R, 5 T i T TR R 45 AU, Rk TR L
T AL, /NEL OTU £ i 35, Jf H 4% Con
H/NE OTU % i 13 4>, RALRIEFL AT L
Fim /D RIS IR N 2R, RS R S
o ZFEPESE R —30, MR (K 5) i — 2148
L4 4 3A OTU %k 258 4>, Con Et \EtCM Al
EtNM 2204 1) OTU %53 5k 99,83,112,87 14,
43 ) 5 454 B OTU 201 27.73% ,24.34% ,30.27%

5 HAREWEE OTU KFH Venn B
Fig.5 Venn diagram of OTU level of microbial

communities in each group
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ZREE 43 AT T AR i S [) 201 (] 3 A 4 1 5 2 5 A7
S M 6 N, R SR I L3
WA RN 2 RN A R TR A R AR AL
R4 P<0.001, FBI4l0H 2 F1R K, Con Et . EtCM
1 EINM 21 GEAR 4f b X 53 % (] 6a) , Ui B iP AF

PCoA on OTU level
R=0.5650, P=0.001000
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R=0.0130, P=0.460000
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Fig.6  Analysis of mouse intestinal community and PCoA
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ZHREY ZREEAR B b EtCM 4/ LS
ARV o ZHEVE R, T Er 21/ BRESE fE
YIRS o ZFEVERAIC

i 3 PCoA 430471, & Bt Con 5 Et 41/ i 171l
WS BA B 2R, R H/N I EE
MG M A A 7 W A8k, 28 0% B L A AR L T Ak
M5, &8 Et 5 ECM 4181 EINM 41/ U 36 B
FELit A W2, WKL A ZLaefE —
FEFRRE /N B AR AR BT, N U e
FREZE R, BLAh , 758 & 3L EtCM 41 F1 EINM 21 /)N
S 18 B TR 25 A b G 35 25 5 Morrin SEPOIESE &
LA ZL AT DL B B 1 A M v, O T RE e AR
S B %) W SR AR 1 T 412 2F AN ) & B ¥, n XL
7 FF B ( Bifidobacterium) B %5 [t . Morrin 282U 5
RIMAF ek E A G R IE bR 40 R
AT A 385 0 OBUEL AT B % i b Bz 40 B A RS B . Zhao
S5 IBIE5 e PR HT B 1 B B LA B 1Y A 2 R
PR, JF HJE 53 85 5 B FLIR TR 1Y 5 52 RAR BT . Ming
LU0 5 2R B 0% g 2L 3E o 97 5 ALD /) B B e
T, SR8 IFIE 2 I8 27 R 4% B W DR VR T o

I I FL S 4 3L — A, dl i i 1 R Y A A
PRBE, VA M T TR 0 B Ok VA R TR R LS A £
HEAT 2 T A M a8 N RGBT 980 A R e O B
Bii 1k WX /)N B85 W P B2 2851 AT R R
2.5 YGRS
251 TR LR el r b Yy Fh st
IR G R BT, IS B S AEARTE 2
AKF (85T H B R R OTU %5) & A
WL L SR, LKA 0 S A A X S B, AR
SEEG AT T IR B AKF

BIT I BEFL A 2E LA 1 ALD /) U 3
RELE R SR . B & 7 AT TR 4 420
TR AP A AT T B AN 2 S BE B ) (Firmicutes ) |
fUFT ] (Bacteroidetes ) JEH ] (Verrucomicro-
bia) . ZZ JE & ] (Proteobacteria) | il 2% i ] (Acti-
nobacteria) A2 FT 5 ] (Deferribacteres ) %5 Sk /N R,
45 1 W 38 AR RS BT, P R RE
FUAT BT A F B de s, P B AR 32 B2 2 Fn
it 7 80%. 5 Con ZHAHIL Bt 41 BE ] 32 i 12
F T 4.97% , MAAFE T FEREIRT 4.30%, 5
Et A HE ECM 2R RE R ] 4 B FEAR T 30.96% ,
PP T E S T 27.9% ., EINM 402 RE ] 3
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FEREAR T 20.71%, ATHETTEERR T 18.70%,
Horb EtCM A AR R /NG IE R

252 HETEIKF R F g oA K 8 Al
LR JE K L9 E E A (Ruminococcaceae ) T 1Y
K& Ruminococcaceae_ UCG-013 . BT # &
(Parabacteroides) . UKT 1 J& (Bacteroides ) . Pl oe 2
B (Akkermansia) Muribaculaceae B T 1Y & Hl
J& norank_f Muribaculaceae & .32 W % J& (Fae-
calibaculum) Romboutsia J& . T2 i€ # Bl (Lach-
nospiraceae) I~ K HIJ& norank_f_Lachnospiraceae
ST/ W i T P AR R s EE . Hh
i H R AR B Ruminococcaceae_UCG —

0.8 -
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LEROESE S
Relative abundance/%
o
~

0.2

m
R il
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Con Et EtCM EtNM

B

013 R Jm AT i m B ve S s i 3 B
o WAL, B9 TR R E AT R AR Ru-
minococcaceae_UCG-013 /& Et 413 J& F @& 9L 3
& AR FBE 5 41% . BIAUAT R AT s A
BA] 5 42 TR 14 o EtCM 2R EANM 2 ) 34 s
3AWIE T AN 10% 0L, Hd ElCM 40 3
AR A Z M = AN 45% . T EINM41HY) 3
MR FEZ MRS 2N 36%, X 5T1KF45R
2. Blacher AFPWFFE & BL, 6 8 B2 I L2
AL R AEALAE  Ponziani SFPA 5T % BT 16
H B R R R RN, U R
Wb RS Bt 4N BUES I BERE R E AT
F) A )8 Ruminococcaceae_ UCG—-013 )i I & 41
mo, RWEE WA MK ME Ruminococ-
caceae_UCG-013 n[ fig 2 A &M ALD ) —2KH
J& . Wang %25 I (22 P Bt Ak 39 00 /)N R A=
YRR e T A AR AT B IR AT
B A HJE Lachnospiraceae_NK4A136_group . Lach-
noclostridium . i 55 55 [C # (Blautia) & PAFT H &
M Ruminiclostridium_ 9 & B E# 5, JFHixik
PR HE RE 19 IR T ARG, 3403 i 9 RRE R B
BB DIfRE . Henning S5PHL AT 2 T [RS8 4558 . e
WEE K B, % i1 B IR T & (Roseburia) B 5E S 4]
J& NFRFT B & (Propionibacterium) 55 1] L1 2 5 3|

B Ruminococcaceae UCG-013 [Eubacterium] fissicatena group
W Farabacteroides Escherichia-Shigella
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W norunk [ Muribaculuceae
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Fig.8 Histogram of the analysis of the genus level species composition of the mouse intestinal flora
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Fig.9 Relationship between samples and species
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Effect of Camel Milk on Intestinal Flora of Mice
with Chronic Alcoholic Liver Injury

Bai Luping', Qiao Xiangyu', Hai Le', Qi Bule', Jirimutu'?, Ming Liang"*
(‘Key Laboratory of Dairy Biotechnology and Bioengineering, Ministry of Education,
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2Inner Mongolia Institute of Camel Research, Alxa 750306, Inner Mongolia)

Abstract Purpose: To explore the effect of camel milk on the diversity and structure of intestinal microflora in mice
with chronic alcoholic liver injury. In this experiment, male C57BL/6NCr mice were randomly divided into 4 groups:
control group (Con, n=6), model group (Et, n=6), camel milk dose group (EtCM, n=6) and cow milk dose group
(EtNM, n=6); the experiment was conducted for 8 weeks, the first 4 weeks were fed with Lieber—DeCarli liquid feed
(including control), and the following 4 weeks were fed with corresponding milk or saline on the basis of feeding
Lieber—DeCarli liquid feed. After the gavage, the NIAAA model was established by gavage 31.5% alcohol solution at a
dose of 5 g/kg. Serum LPS content was detected, and colonic feces of mice were collected under sterile conditions for
16S rRNA sequencing, and intestinal flora alpha diversity, beta diversity, and species structure based on genus and
genus levels were analyzed. Serum index results showed that serum LPS of mice in EtCM group and EtNM group was
significantly reduced (P < 0.01). 16S rRNA sequencing results showed that camel milk and cow milk significantly in-
creased the abundance and uniformity of the colonic intestinal flora of ALD mice, and better adjusted the structure of
intestinal flora; among them, camel milk showed better alpha diversity than cow milk. At the phylum level, camel milk
and cow milk significantly increased the abundance of Bacteroides phylum and decreased the abundance of thick—walled
phylum. At the genus level, camel milk and cow milk significantly increased the abundance of Bacteroides, Bacteroides,
and Ackermania, and reduced the abundance of the unknown genus Ruminococcaceae_UCG-013 under the Rumenaceae
family. Among them, the beneficial bacteria abundance of camel milk is 9% higher than that of cow milk. Conclusion:
Camel milk can adjust the intestinal flora structure by changing the intestinal flora environment of ALD mice. It shows
that camel milk can be used as a functional dairy product to regulate intestinal flora, and can prevent intestinal barrier
dysfunction caused by chronic ALD.

Keywords camel milk; 16S rRNA; chronic alcoholic liver injury; intestinal flora



