5 444 45 6 ) i Tl B Vol. 44 No. 6
2023 4% 3 H Science and Technology of Food Industry Mar. 2023
A AF, 2HEE, RIGE 2, 45 9K GEFLX AR AR D AT /N BUE AR A8 B 52 R[], £ T BHE, 2023, 44(6): 376-383. doi:
10.13386/j.issn11002-0306.2022060164

HAO Shiqi, LI Yafei, WU Xiaoyun, et al. Effects of Camel Milk on Glucolipid Metabolism in Mice with Nonalcoholic Fatty Liver
Disease[J]. Science and Technology of Food Industry, 2023, 44(6):376-383. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2022060164

ERSRE -
It v B | BT v i =171 R MY
(AIibjEZl
A, SHIE, ReEE L E LR B, #EE, EAAEY

(1I.ARFRLEKRF, LR AEMBARE TREKFHRETELL T, AEFFE4 010018;
2.3 & AR MR AR P, REF 152 737300)

v
]

W OEBM: WABRILM GGG BB K R 5 F 09 JE B4 A5 M7 % AT % (Non-alcoholic Fatty Liver
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Abstract: Objective: This study was designed to explore the effect of camel milk on glucose and lipid metabolism
metabolism in mice with nonalcoholic fatty liver disease induced by high fat, high sugar and high cholesterol diet. Methods:
50 C57BL6/J male mice were randomly divided into control group (NC), model group (Mod), control camel milk group
(NCM, 3g-kg™"' bw), camel milk group (CaM, 3 g-kg' bw) and silymarin group (PC, 200 mg-kg™' bw). The model of
nonalcoholic fatty liver was established for 12 weeks. The mice in the camel milk group and the silymarin group were
gavaged with the corresponding doses of camel milk and silymarin at a fixed time every day, respectively. Body weight,

fasting blood glucose, serum biochemical, insulin resistance and insulin sensitivity, oral glucose tolerance and insulin
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tolerance were measured to investigate the effect of camel milk on glucolipid metabolism in mice with non-alcoholic fatty

liver disease induced by high fat, high sugar, and high cholesterol diet. Results: Camel milk significantly inhibited the

increase of body weight and blood sugar of NAFLD mice and notably reduced the levels of total triglyceride (TG), total

cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), tumor necrosis factor (TNF-a), leptin (LEP) and insulin
(INS) (P<0.05). While the adiponectin (ADPN) levels in mice serum was increased (P<0.05). In the camel milk group, the
glucose tolerance were significantly increased, insulin resistance was reduced, and insulin sensitivity was significantly

improved (P<0.05), indicating glucose and lipid metabolism was enhanced. Conclusion: Camel milk had a modulatory role

in glucose and lipid metabolism in NAFLD mice induced by high-fat, high-sugar and high-cholesterol diet, which would

increase the glucose and lipid metabolism by alleviating insulin resistance and promoting serum lipid transport.

Key words: non-alcoholic fatty liver disease; camel milk; high fat, high sugar and high cholesterol diet; glucose and lipid

metabolism; C57BL/6J mice

AEPRETEATPR (Non-alcoholic Fatty Liver Disease,
NAFLD) &&=k & W, 5 7] 1 7 i e = —, F
SRR ABGEEOR, s TH 5 T AR 2l 2R Il 1) — Rk b
DX AEPRERN . HR 505 1 7™ B A B AT LUK T
o KBS MNRIVIRT . 4 . FREALAN S, 11T NAFLD
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ZATEFPEAT B PR AT TE, TENETEAE(ROS) K
FEATAERTH U= A gl R, 38 5e2LREREVE Pt A AL
PR PR e 2 SE A5 . B ZUAT TR A e RAGEE
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58T C57BL/6T /N BUAE NAFLD A5 84 57 iy 7 1
T U B A2 AR H A RS SR 7R g me 7L
A= R S IR EES S: Y CS7BL/6T /N ERARTH
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5 e I v R v L] P ARDRE (45% R T, 17% HEbE,
1.25% JH[E L, TP32003) M ARNEREL  FEE RIS HE
TR RRB AT BRZS 7, A2 P= VY nliE S : 25 4AUE (2014)
06092; /)~ Bl =1 25 5 15 85 141 I [E] 5 (high density lipo-
protein cholesterol, HDL-c)ELISA {5 m1037765 .
1R 25 i I8 45 1 HE [&] B% (low density lipoprotein chole-
sterol, LDL-c) ELISA &5 & ml1037825. H 41l fitd /-
# 6(interleukin, IL-6) ELISA i3] & ml1063159. A
J&8 R AL A -F a( tumor necrosis factor-alpha, TNF-a)
ELISA i#5& m1002095 , 38 (leptin, LEP)ELISA i
)4 ml002287 . IEEK 2 (adiponectin, ADPN)ELISA
& m1057809 ., Ji /% 2 (insulin, INS)ELISA 5]
#7 ml001983 VI A= MRl A BRA w5 /N B
H i =g (total triglycerides, TG) iR 7 & A110-1-1,
Jat AH [ 1 (total cholesterol, TC) il & A111-1-1
A A T RRFIEIIT

5810R 5 UFEE B B . L f#E Eppendorf



- 378 - £ Tl B4

2023 4F 3 A

4y #); SCIENTZ-10N ¥ R T4 L HigZARZ iy
J; SynergyH1 [ifiFR{Y BioTek Instruments; 37. 70 E
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1.2 EWHE
1.2.1 BRIEFLFALEE  BUAHRIRGESL, KA e B
L£x(4 °C, 5000 r-min”', 30 min) EFLAE, ¥ T4, o
53242, 4 °C LRI
1.2.2 S 5 RAEE R T W 45 bR 5T 3% 5 2L X
NAFLD /) FBIFZ R, RAZK R 2 R BHPEXT RE 2549,
[F] ) o Bl 385 e 2L XTI AR AR B AR TR /0N BRI 35 i
50 H SPF gt C57BL/6T /N BLBENL Sy B 2 5 4H:
X REZH (NC) | BIAY 20 (Mod) . X B8 8% T 2L 40
(NCM) . 355EFLLH (CaM) FIZK K#ETE L (PC) . 4340
JEArFEEZE, W EMESE 1R, B B K R EER K
(121 °C, 20 min) o 4FHIAELE N PEMRIFEIUEE 3 d. 56
5 d %8 6 d, JH TP32003 i i 1) kBl 45 5 NC 4H f
NCM 4H K% 30% RIFERLFAEL, A TP32003 =B
v HEL 3] 4] el 0 Mod 4H . CoM 23 7 PC £H K
24 30% BYFLRRELEL, 25 7 d BT A ¢E Y SR DR 5
G340 Sl A N i TP32003 RIS 178 1 TP32003 &
RefAlEL, FEdlEIR 2021 °C, FAXHEEE 55%+5%, A
TGRE, 12 h BRAEIR . ASSLEG )y RIT R AT T 3RS
SO R “ LA A HEOR 5 TR 2 G E A
SC 5% = S WAL A VE T (R RTUES : SYXK %2 2020-
0002)

DIZRPR T R . 385 FLRy . /K KA
JFH 0.2% ¥R FF B 41 4 & (Carboxymethocel, CMC)
WWIRERES . X IEIEseRL | ISeFLA G H ™
W (9:00 1 16:00) # H iKW ZL, B H &7 & R
3.0 g'kg ! bw; K KT FE A H BHER(9:00 F1 16:00)
HEB K KHE R, £ H AR E~: 0.2 g-kg ' bw; XL
SERILH A H R (9:00) 7 B R H LT 4 2R, 52 H B
F44: 0.15 mL-d ™! bw, U1 1.

£ 1 st

Table 1 Animal grouping and handling
an fpe U R o)

XA NC 10 B fRfEmA 015 mL cMC

B Mod 10 b EE%’EE 0.15mL CMC

WEEAAING 10 R (s AR
WA M 10 R il o ehe )
ACKEAL PC 10 2 %ﬁégﬁiﬁjﬂ(%u%o%ﬁiigﬂ
TR N EE A, /NS ANEE K 12 he SRS

PR A S 38Uk ORI/ I R, i HR BRI f 20044
RFIANTE, MR ZENRHE 1 h, 25.00(4 °C, 3000 r-min”',

20 min) B )23, VB SRS AGHRTR, —80 °C Vi
DA e Szl i) /N B, BOFFIE . JBEAR . B RE . A
o I3 T A5 I s e b, SRS UH Tt
FEAS RS
1.2.3 ARHE . 258 UM A DEasFEEom il HY
A JE [ B TR], 7N BRAS EANZR /K 12 h il /N BUACHER,
J2& 4 B I i < 25 1 1fi ¥ (B ( Fasting blood glucose,
FBG).

fi )/ INBRUS  BOIN BRI L BB . o A R e e
FREE, THNERHEEL T AN

JUE 25 6 5 ()

INREE12ERE (g)
1.2.4  MUEFSARAIN B TG 5325 1 7 /NS
TR G Wb, 7 L T @il 7 B0 3E 47 45 0001
ELISA Rl 74 42 AR G d BH 5, 43 4G 1.
AEPUIH (HDL-c. LDL-c. TG. TC) . £AEFEHFR(IL-6.
TNF-a). JREGZR(INS) | 983 (LEP) FIIEHKZEE (APDN)
1.2.5 JP Ry REUBSE BRI S RANPTie % S
RS AS 20 N BRI ZR A T AL (HOMA -
IRD) AR 5 2= UG £ (HOMA IS,

Fins
HOMA — IRI = FBG x
X5

REAS 540 = x 100

HOMA —ISI=1n L X Fins
FBG

XA FBG /NS I UBE; Fins “A/)s Blas i i
1.2.6  £8 FUWHN B FIBE S ZM B e 258 PRSI &
i® 5% (Oral glucose tolerance test, OGTT): ¥ & §% 4
Fo12 i, A/ MBEEEAEYK 12 h, 2H4T 30%
HEIVEW 1.5 g-kg ', MZE 0. 30, 60, 90, 120 min
A4 IBEAEL, 138 Hh 28 T X ( Aare under the curve,
AUC),

N i 2=t RS (Insulin tolerance test, ITT): ¥
BI%seFL 12 FG, S/ NRES B AEEIK 12 h, IEHE
EH RS &£ (0.5 Ukg), Ml & 0. 30, 60, 90,
120 min B9 IUPEIE, T4 AUC,

1.3 IR

SERFH P RMEHREZE” TN, SR SPSS 23 4t
TS RTG53 IRMIEZES3A H 72
FEUR B PR R 22 T 25 50T, PR EE SR
LSD £ E /K. KA Graphpad prism 9.0 (43847
228, A L R R R vk, ANE]
TRz EEA B 22 5 (P<0.05) .

2 BR5SH
2.1 EEEEXTIEEREMERERARTNRIAE, mAEFAAR
ikt oAl

B 1SR/ N EUAE WA 2. I 1 AT
15, B IR A Ta] ZE K Mod 2H /)N U B K i 2 e
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T H A 45 2H (P<0.05) . 5 Mod 0 4H Lk, CaM ZH Fil
PC ZH /)N B A B 198 Kl A 80 il (P<0.05) o k4,
5 NC g4i/NRARER, 3852 RT DL ZEHIH NCM 20/
SRR EE A9 In (P<0.05) . 25 12 J& Mod 4H /)N FR 4
HRE] T i (3R 2), 15 Mod ZH/NEAH EE, 3858
F7K K@ 22 2 AR T /NI (3R 2)(P<0.05),

40

[ - NC

4 3 2
IR E] (&)
BT A2/ R A AR E A
Fig.1 Body weight tendency in each group of mice during the

period

2512 JEA /N B R R
Table 2 Body weight and blood glucose of mice in each group

at week 12
EiEtan NC Mod NCM CaM PC
R (g)  29.48+1.41°36.88+1.60° 27.66+0.81¢31.45+1.27°30.84+1.87"
(mmol-r:lL") 5.57+0.46° 10.69+1.27* 5.65+0.65¢ 8.85+0.90° 7.82+1.03¢

TE: Al —H8h5, AR Z AR AL, S (E b R BN T EEa, b, ¢, dis
T, R FREOR BT P25 57 (P<0.05); &3~ [l

El 2 B/ N AR e gk, tiE 2 T
20, Bl 5B A 1A SE K Mod 2H/)> BB B35 410 i
i T HAAS 2 (P<0.05), BARASEATR 2, {H A4
EEiiaF . 5 Mod gHAHEL, CaM 4051 PC 41/
MUBE A8 9 A A (P<0.05) o 25 12 J& Mod 2
/N FRMUARER IR 31 T e (2 2), 15 Mod 2H /N FRUAH
b, G& GE L ATK s 3R KRR T /N BRUOBE (35 2)
(P<0.05),

1A% (mmol-mL™)

IFTE] ()
B2 A2/ S e 0 s AL Al 4
Fig.2 Blood glucose level tendency in each group of mice
during the period

NAFLD ¢ B 322 i 22 B 2 I 2 o S s 1
a] DL i AT S Bk 0728 F e NAFLD., & 3 J24%

/NI IEASFEEL, Mod £H AT HEFS %=1 (5.590%),
CaM #H.(3.981%) F1 PC(3.982% ) ZH T $15 %% i EAI:
F Mod £H, NC £H (3.119%) il NCM £H (3.078%) fc
1. HAWAEZR AR FEE0A A 322 57 (P>0.05), Ui
BHGEAR AT o

ol CINC
§ Il Mod
< E=SNCM
=, CaM
g;@ PC
=)

JFAIE [ I L
K3 A/ E R

Fig.3 Changes of organ index in each group of mice

FE: AR/ NG PR ZE R 3 (P<0.05); 151 4~I21 5 [

2.2 IRIEEEIEEE M/ R AR S 2T EFET =

W PRI 2 BV G TR U5 IR UL A £ B A R 1 e s
PR, Jo5 AN L ARRBE A2 22 i A2 00, A5 BH W iR
PP, ANE 4A FEas, Mod 470N BRUAY 1R I 22 Tt
P EAZ R, 7E 0. 30, 60, 90 min B} Mod 4H/NFAY
IMAEAE A 2 555 T NC 4 NCM 21/ B BB o
S5 AR R, SR a3 ITT #hR Fm AR (& 4C0) &
BS/ I8 e I | N T i 1B ¥ < B WA A NS0 3= )
AR . A 4B A, Mod 2H/IN BB
ZH1E, 7E 30, 60, 90, 120 min Bt Mod 2H /)N B4 IfiL
R AH 2 i HA A2, TS SERLAI/K i 32 AN [F)
FERVETT T /NRAOHERN 2 . 5 Mod ZHARLEL, CaM 41
1 PC 20 OGTT M4k T AU 35 BRI (&1 4D) (P<
0.05)., CaM ZHF1 PC Az Al B 225 (P>0.05),
i AH G e RLAN /K Q] 28 ] A5 RO A LA A 48T A b
Ha,

NAFLD /) ERAEA QI ZEEL, & AT, & i
WAL 19 15 22 ek B 530k, 2 e Mg e b v IR [ s m A5
S, /B FZ G, AL Mod 41/ BRIMTE S =&
Tl E T T PC ANy HALASZH (36 3)(P<0.05),
Mod £H /)N ERAT BH . (4 98 5 R ST AN A Al iy JBe £ 248
B, FEUIEFLAY T T, 5 Mod ZHAH L, CaM 2H /s

ERIE S NN R s N e G p
T R AU R

Table 3 Insulin level in serum, HOMA-IRI and HOMA-IRI in
each group of mice
451 JBe s R B ) AT AR £ B i 2 AURAR 2
- (mIU-L™) (HOMA-IRI) (HOMA-ISI)
NC 10.171+0.268° 2.517+0.201° —4.034+0.079*

Mod 10.638+0.354°
NCM 9.927+0.139¢
CaM 9.779+0.167¢

PC 14.536+0.350°

5.067+0.725*
2.493+0.294¢
3.846+0.391°
5.056+0.717*

—4.727+0.146°
—4.021+0.120"
—4.456+0.105°
—4.726+0.135°
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Fig.4 Curve and are under the curve of insulin tolerance test
and oral glucose tolerance test in mice each group
TE: A JB Ry 2R (8] B: 28 A AW 15515 C: BRI R i R 14
2k T AR D: 28 A R 1R 2 T AR

FRU I 1 5 3R b S5 R, R SR T, e i 3K
AR (P<0.05) o NC ZH A1 NCM £H 14 1ML 775 I8 5 22
FAIG, I FLIE S ZRACH AN &, J1e 5 R AgUsi i, P
HZ A B3 255 (P>0.05) (58 3) ., UiABEEEFL
T AV /7N BRBRARIE, Vet LA g 1 28 ke, 1
JIATUAAR XS 1 12 2= ) ARURREE
2.3 IRIEFHETERE MRS BA AT /)N R M AS U I A9 S0

IIfe PR LG PUITIR 25 PPN R A g R fis B
e B TR AR B, 9F HoAA S HDL-¢/TC B A Iifs PR 2=
X0 e 4 BT, 5 ONC gHAH L, NCM 4H 45 05
PRIl 2 5 (P>0.05) ., 5 NC 2H4H Lk, Mod ZH IfiL
i TC /KA LDL-c 7K 155, HDL-¢/TC 7K
R FFFEAL(P<0.05), fiL7E TG /K FEAERBF 2R
(P>0.05), BiBH Mod /NN BR LI ZEEL. FE9%
JeFL AR RETZR T7 12 J8)5, 5 Mod 4lAHLL, CaM
HIL7E TC. TG, LDL-c 7K W2 K, HDL-c /K F
I3 FHE (P<0.05), PC 4/ RRUMIT TC. TG K-k
Z AR (P<0.05), HDL-c 7KF-Fl1 LDL-c /K354 i
E225(P>0.05), PIZH/NEIR B CITA s . Uil
g GEFL T AYAS /N BRA ARG RE 71, S/ IN BRPIL
BB ZEEL
2.4  IRIEFXHHEEREMRERAAT/ MR AS R S RIS

IR — MBI L Z 5 i, S IR T4
LRI TEAASCIEER, AT LAVE WU Cigt, 24
HUARL TR AR ER S (WUER) B, 175 H 8 2 K7 [
%, RSV, 2, M5 P8 2RI, J)
S EHCE, YT RIE TR, 5 NC A,
Mod ZH 4 ML 775 98 2 K- 3 FH i (11,128 ng-mL ™)
(P<0.05), NCM ZH If 7% 98 FE Ko i 2= 5 (P>
0.05). 5 Mod ZiAHLL, FEIESEZLATK RET R T 1,
CaM ZH/NFRUML IR 22 /K- B 25 T4 (10.627 ng-mL™")
(P<0.05), PC 2H /> B I 75 9% 2 7K i) 35 7
(14.110 ng'-mL™") (P<0.01), iX 5 Alnafea %51 [y fiff
FELHIR—EK, UnE 5.

REDE 22—l Hh B8 7 248 Bt 53 206 140 Jike 1% 22 B4 4800
2, WL S Z ST . 5 NC 2048 L,
Mod ZH/NERIMIEAREEER K- 3R (9. 736 ng-mL ™)
(P<0.05), NCM ZHJo g #2 5(P>0.05) . #IE5EFL
FI7K KE R TS, 5 Mod ZHAHEL, CaMZHAN PC 2H/)N
FRUALTE AR K =5 (10.263 . 10.479 ng-mL ")
(P<0.05), BiHH Mod £/ A RS EHLPTIL S, 7E
IR GEFLRIK RE R TG, RS RAPTRER, X 55

F 4 K4H/MEIMKEE TC, TG, HDL-¢/TC, LDL-c /K-
Table 4 TC, TG, HDL-c¢/TC, LDL-c level in serum in each group of mice

215 NC Mod NCM CaM PC
TC(mmol-L™") 3.490+0.546° 6.576+1.383° 3.767+0.428° 4.689+0.435" 5.005+0.776°
TG(mmol-L™) 0.931+£0.241% 1.053+0.141° 1.007:0.178" 0.803+0.322" 0.763+0.135°

HDL-c/TC 4.029+0.691° 2.131+0.480° 3.689+0.539* 2.903+0.348" 2.059+0.419°
LDL-c(mmol-L™") 10.0630.229% 10.362+0.146" 10.186+0.173% 9.231+0.553" 10.296+0.277°
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Fig.5 Leptin and adiponectin level in serum in each
group of mice
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Table 5 IL-6 and TNF-« level in serum in each group of mice

205 IL-6(pg'mL™") TNF-a(pg'mL™)
NC 13.776+0.268" 10.903+0.174"
Mod 14.546+0.286" 10.982+0.240°
NCM 13.974+0.067° 10.739+0.109%
CaM 13.699+0.290° 10.67240.657°
PC 10.526+0.185¢ 9.833+0.177¢
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