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HE . BHW HAMBERILFESG (CWP) M IRERE D RS MBG RSP ER., Fik F40 2
C57BL/6 AP R AU ABF K20 (Sham 28) \3F 2 PRME A A 20 (GH40) R 2 PR R+ SLE & 9
M(G'CWPH) FEZMMAKREFREA(GA) FLMRAMRFE+RILFROL(GCWPA), B A,
G'CWP 842 G CWP L4 313 § CWP(200 mg/kg),1%/d, Sham#l G40 .G AR RS A AW ERHER &
N7 dE AR R ERER, GUAG CWPAMEEHLFXERHHE 1 mL,G Af G CWP A E 4t
KIH3EA B 1 mL, Sham 2L IR E 501 mL A 32 o RKAE AT, BAF 4 24 h)g, AA F S EAMN A/ R s
R AR] £ T4 53 (LVEFR) £ T84 %42 % (LVES) s 33 (CO) |5 KA B53£ %, 9% R X3 (ELISA)
Ao st s LA A &4 [ WUER B B) TBS (CK—MB) S IUILES & & T (cTnl) & K& B F [ BREEF—a
(TNF-a) . & 28 A% —18 (IL—1B) JIL—6.IL—10] ; R AMF 442 (HE) 2 &AM S WLAL 2% 28 52 T4k S gk 4
LACFE G & H M NF—kB p65 R G FaE Rk, R SRR F LR LT 5 Sham 28488, G 404 G 4L LVEF,
LVES.CO 3 FH(P <0.05);5 G'44e G AR, G'CWP 242 G CWP 2L LVEF,LVES.CO 3 _EF# (P <0.05) ,
ELISA %R 27 : 55 Sham 4048k, G 4 4» G 41 CK—MB.cTnl 3 71 % (P <0.05) , TNF—a  IL—18 . IL—6.IL—10 ¥
F&(P<0.05);5 GG AML,GCWP .G CWP 2L CK—MB. cTnl ., TNF—a IL-1B.IL—6 3 A& (P <
0.05),IL-103) LA (P <0.05), HE# &4 R 275 Sham 28481k, G 4042 G fﬂ'bﬁftéﬂ/ﬂ']—)uaﬂ,u_%gl;b 74 5
5 G A GAML,GTCWPA .G CWP 4L LB R B A K & K 8 B T2 MR Ee, LRMABNFLEELER
27 :5 Sham 2483k, G' 28 4= G 4L NF—kB p65 & & M & ik £ 95 (P <0.05), 5 G' 4= G 4, G'CWP
28 .G CWP 28 NF—kB p65 & @ MM £ & ETHE(P<0.05), & CWP TR MK R D R KRR B S IUA
BB, IR ES TRk, LA T Ak 5 42 NF-«BAZ Tl %A %,
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Abstract:

myocardial injury in septic mice. Methods Forty male C57BL/6 mice were randomly divided into five groups:

Objective To explore the protective effect of Xinjiang Bactrian camel whey protein on

Sham operation group (Sham group), Gram-positive bacterial sepsis group (G group), Gram-positive bacterial
sepsis + camel whey protein group (G'CWP group), Gram-negative bacterial sepsis group (G'group), and Gram-
negative bacterial sepsis + camel whey protein group (GCWP group), with 8 mice in each group. The G'CWP group
and GCWP group were intragastrically administered 200 mg/kg CWP once a day, while the Sham group,
G'group, and G'group were given the same volume of normal saline. After continuous treatment for 7 days, the
sepsis model was established. The G'group/G'CWP group and G'group/G- CWP group were respectively injected
with 1 mL of Staphylococcus aureus and Escherichia coli intraperitoneally, and the Sham group was given the same
volume of normal saline. Twenty-four hours post-modeling, cardiac function parameters (LVEF, LVFS, CO) were
measured in each group. Serum cardiac injury markers (CK-MB, c¢Tnl) and inflammatory cytokines (TNF-a, IL-1J,
IL-6, IL-10) were detected via ELISA. Hematoxylin-eosin (HE) staining assessed myocardial histopathological
changes. Immunohistochemical staining was used to detect the positive expression of NF-xB p65 protein. Results
Echocardiographic findings revealed that compared with the Sham group, cardiac function parameters including
LVEF, LVFS, and CO were significantly reduced in the G" group and G™ group. Compared with the G* group and
G’ group, cardiac function parameters including LVEF, LVFS, and CO were elevated in both the G'CWP group and
G CWP group (P < 0.05); ELISA results showed that compared with the Sham group, the myocardial injury markers
CK-MB and cTnl were significantly elevated, and levels of inflammatory factors TNF-a, IL-1pB, IL-6, and IL-10
were markedly increased. Compared to the G group/G group, the G'CWP group/G CWP group showed significantly
reduced levels of CK-MB, cTnl, TNF-a, IL-1p, and IL-6, while IL-10 levels increased (P < 0.05); Hematoxylin and
eosin staining revealed that compared with the Sham group, the G'/G™ group exhibited significant pathological
damage in myocardial tissue. Compared with the G'/G™ group, the G'CWP group and GCWP group showed reduced
pathological changes in myocardial injury and decreased infiltration of inflammatory cells. Immunohistochemical
staining results revealed that compared with the Sham group, the NF- «xB p65 positive expression rate was
significantly elevated in the G'/G™ group. Compared with the G'/G™ group, the NF-kB p65 positive expression rate
was markedly reduced in the G'CWP group and GCWP group (P < 0.05). Conclusion Camel whey protein can
alleviate the inflammatory response and myocardial pathological damage in septic mice and improve cardiac
function. The mechanism may be related to the regulation of the NF-kB signaling pathway.

Keywords: sepsis; myocardial injury; camel whey protein; inflammatory response; cardiac function
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BT W ELREHZ 1, 2Bk E MR &
iR R BAE BT HoP 40% ~ 50% 1Y ik B AE
BBE 221 R0 A FR G ) Re B T AE O kB A
WL I R E B0 LI 4, K A ek 20% ~ 70%,
b 2 BN T M B SRR A e AE R e AE O AL
1 105 (sepsis—induced myocardial injury, SIMI) A9 %5 ¥
A ERALT A 4%, HEG R 58 2 B A 5 R
SiE SR FE AR N T BE L0 LA L T R
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i B 9 000 ) AR T T 22— o 6% B FL O BT B ML IX
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¥ AL 55 08 Y AR A I B LR T AR R
B A B SR, CWP X SIMI & 75 H A o3 4
AL, HArfE A R . T BRI R R, Al
FHAS [) 25 A0 B Fb (2% BEPE 7T L 9 22 BRPE ) IR
5 A A /N B E E AR, R AT CWP X A /)N
B UL8E 403 B AR B 7 T, A SIMIT 16 B 3 45 13 387 4
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1.1

111 FIzhd 6~ 8 JE W fd FE Mk C57BL/6 /)N
BL40 H AR (25£5) g, 1 1 37 DUAR (J6 3% ) A= M 8
ARARATE . S5 A 7= 15 AT IES : SCXK (5T)
2024-0001 ; 52 56 3l $ 8 F 1F 0] UFE %5 : SYXK ( 52)
2024-0010, /)N B4 3% F SPF 2% B b & 40 [ 16 JF
(225+0.5)C , {8 (50+5)% , 12 h/12 h 6 B 1
W], HRBEEYOK . SR 2 A0 K29 — s
P B 48 B 2% B 2 v (A2025-293 ) , 4415 3R JE I

112 KA AR BrEESE YA [ R R TR SR )
S A R\ UG A T (cardiac troponin |,
cTn I ) WLER P4 [5] T 7 (creatinekinase—MB, CK-
MB) . F1 4 A 2 - 18 (Interleukin-1p, IL-1B) .IL-10,
IL-6 . i 98 3K %E [l F — o (tumor necrosis factor— o,
TNF- o) ( 5% %5 43 4] 24 . MU30257 . MU30025 .
MU30369 . MU30055 . MU30044 . MU30030 ) if§ X 4 2
W B i 3 (enzyme linked immunosorbent assay,
ELISA ) £ 12 70) & 410 [ 2 DL gy e A= My B A
RN fﬁ:**%—{;}él(hematoxylin and eosin, HE ) 4¢
) & (st A2 & M 52 5 ZL1-9610) |, g bk
ML (#L5 . AMR-100) , fif§ b 26 AR AL (785 . APW-
200) $4 08 1 AN B BEAL A A PR\ ke
Lo HL Gl P WA S 3 & A AR I R A PR A |, B
TG16W ) , b 7K 315 il 35 55 46 (1A 2 S5 00 i 4%
B BRAF) L S GNP-9080) , iF & Wb sl & ( [ g3
KBRS A RA R, B DM3000) , 8 i 44
( b — 45 B AL 28 A R A A, &% . DHG-
9023A) , {4 /NS W F (0 2 3% ) 75 R R 4
(VLT8R U5 BB Iy A BR 2 |, #9-45 : VINNO-
6LAB) , B A% i 52 50 28 B Al B R T ALK U0 T 154X
ar A R AW, A5 L6-65 (plus) o

113 mE R & ASHESE A Y 4 B 6 A R T
( Staphylococcus aureus, ATCC 6538) FlI N
( Escherichia coli, ATCC 25922 ) 47 0] 7 K 2 55 — [t
e B B A 30 rh L B AR K -80 TR URIRAERY
AR TR IR A% IS, B2Fh T Luria-Bertani 35 33 3 77,
F37 CHEIEEEFE 12 ~ 16 h, T 2 B0k 205Uk K
1B1(0D600 2 0.6 ~ 0.8) o Bl J& , fiff FH 8% 1R £6 22 whigs
TR TR VR R 22 bR R B« 4 (0 A BK TR 9
10° CFU/MmL, K W 3% % B A 9 x 107 CFU/mL ( 41 B 11
FR T S 5 vk B L e TS AR B UE ) o Ay A R 4 A AR
TR 35— % S S MR T R SR A O TR 5 R
TR VA A1 35 ) A VR VAR B R AT B I . R RS Y A
BEW T 4 CHRMMRA, I T 24 h Nl .

114 CWPHI &  HEFEESEFLLLS 000 r/min 2.0
20 min, 2B 12 N8 W5 AU UL IE , 75 2R 2L 5 6
Jii B FLAE 40 °C 7K ¥ 20 min, JH 10% vK 2, 12 ¥ %% pH
H % 4.6, B )5 & T 4 CORFE R ;¥ 5 R It
R AW A B4, L8 000 r/min B 0> 20 min, I
S ] 2 FLE , VAL pH (H % 6.8, 408 VR T4 5 R
5 CWP T8, BT 20 C kA & H .

1.2 FHik

121 MRERBAIZHE k> SHRBY
T 9F 5% B A O Sk, /s BUME s P T 5 4
T 2 BR A B8 K Y A AR R 43 o T R 22 BH M T
e 5 i AL 76 R A 2 O P TR M AE AR AL AR A
A2 G R o A DS R B9 B RO D
K Pl 25 BE AN IR L W I 2 I A5 B ik B o IR
40 H/NERBEAL 5 0 B F AR 41 (Sham 41 ) | 45 2% FHAE
PR B RE 21 (G 4) L 8 2% PH P PR e 4 0 + B0 L 4R
FH4 (GCWP AL ) 4 MR I EAELL (G 4l) .
B M+ LIS B 4 (GCwWP L),
Hsql, HH8 H ., GCWP 4 Ml GCWP 4 4 % F
PLCWP ¥ B, 250 pl/ H (CWP % F A4 # koK,
200 mg/kg ) , 1¥K/de G4l .G 4 | Sham 21 A K S
[vi] 45 5] dak A 28 B ER K, S S AL PR 7 d 5 & i e 2R E
BLAL, G4l A G'CWP 41 I8 I v 5T 4 o €0 3 4G BR
1 mL, G4 A G CWP 2 I i 19 5 K 3% 4 18 1 mL,
Sham 21 J& % 14 5 1 mL Az B ER KA hy X R B A
ST A R /N BRAS TS A, B D) 4k 2T DI
FRUE 15 b, HARSRAER L.

122 BESHEFESHE KA /DR L
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2, A IR FLNG & DR IR ERE /D L O WU R VE

Uisg il 24 hm , SR M3 & & #E 47 & K, -
R, BT AR EORR R AT MALRE AL B
KIkAr . DALk LR 2 IO 22 .0 & 38 BIPIR L
K I A2 2= i 4 %% (left ventricular ejection fraction,
LVEF) | /& % %5 %l 47 %5 8 (left ventricular fractional
shortening, LVEFS) .0 I 32 (cardiac output, CO).
123 SR GAFESHAKERFER K HD
B AU B 2 & 1 24 h S G E L 22 BRI, HO/DS B
8 E Bk i 2 mLL, BY %) LL 4 °C .3 000 r/min & L
10 min, 43 B ML o 4% ELISA 357 & Ui B 5 4 AR
WAL ¢Tn T L CK-MB K IfiL 3§ TNF-a \ IL-1B . 1L-6
IL-10 [ ¥ B .
124 HEZ &AL g /N RS a2 & il
24 h 5, S b BRI, B0/ B AR 4 2 41,
4% Z R EEFE E 24 hm, T A, U A5
AT HE Je 0, B8 T L0 LA S5 i A8 4k . =
R SCHR [14-1575%6F 0 LA 03 2 B2 A A s oA, UL 5%
o LA L HE B 2 75 A i ] Bt 75 4 K, A T L
Y HAE K CIRFE K A TC B A AR B 5K AR 4E b
K A NE A R IR 1 45
125 AR ALBALFEEKRNEE T —«B p65
(nuclear factor—kappa B p65, NF—kB p65)%& & [ &
n MY g ORI BB KA B
TR YU E 22 v b, O = O R
SE R I dEFE VRS 1S min PEATHLRIBEE . A
R B EIRG , PBSYE 3K, 5 min/IK . T4 ik
it ) AR A6 ) Tt BEL BT R, & I OREO'G IR B 25 min, PBS
VRV 3,5 min/IK o %0 —$T (Fi B LA 1:200)
4 CHEHE K. WH,PBSPERE 3K, 5 min/ik, T
JITHRP FRIC B9 —HT (BB 1:5 000) , = iR BEH
50 min, PBS PE¥ 3 YK, 5 min/¥X , P4 /il DAB & 4,
W (1:20) , %R 60, W fUBE T 45 i 6 sk ]
(2950 s) , FHPEAS 5 35 Wi 5 5r BDH Z8 K 240k . 95
ARG G Y 3 min, B FEERG K W E ] ok
BB 7, T o S W IR, BHR A AR R H
Image J X FHE1T 53 H o
1.3 HitEHE

B P8 4 M1 ok SPSS 26.0 il GraphPad Prism
9.5.0 itk o I R LB £ AR iERE (k£ s)
Lo, W J5 22 73 v, 20 18] PG 5 Lk 485k T LSD—t
K 5 ( )7 22 5% i} ) 8 Tamhane's T2 £ 56 ( J5 25 A 5%
) o P<0.05 K25 A 517 L.

2 #R

BREAE/DRAEE S BTG
Sham 1 /)N B 24 h J5 5 B L #E B S0 B IE R
24 h A7 1% RN 100% . G4 F1 G421 /)N FLAE A5 180 1l 3
S 24 h S AT/ R R B B A R R
TLUE HR AR or WA HE 2 ORGP 2R BE NG B s 4L
HE S Xof A1 S SR I8 A5 Rk B R RE IR, G AN
G 4 24 h 7735 R0 51 N 40% . 50% . 3 417N BUAF- T
R, &R, 2R A5 7 L (X2 =6.723,
P=0.035) . 5 Sham 4 #H [t , G4 Fil G 41/ BRUAE I
I TR (P <0.05)
2.2 CWPItRRERE/NROIIsER 22

%40 /N B0 T REFE R LVEF | LVFS H1 CO ML %%,
G, ZRYAERITFEX(P<005). 5
Sham 41 A b , G40 F1 G- 41/ KL LVEF . LVFS . CO 7K
SEHIB R T (P <0.05) ;5 G H, GTCWP 4 /)N
Bl LVEF .LVFS . CO /K F# 8] & F 7} (P <0.05) ; 5
G ZHAH I, GCWP 4/ B LVEF . LVFS , CO /K -1
i ETH(P<0.05). W& 1A 1.

2.1

F1 BANRDINEEIEIRAK TS (n=8, xxs)
215 LVEF/% LVFS/% CO/(mL/min)
Sham 4 74.73 +3.81 42.12+3.39 14.24 + 131
G4l 46942947 22761627  6.17+0517
G'CWP4H 5873 +1.58% 30280717  8.59+0.53%
G4l 5034 +0.707  24.69+008"  7.06+0417
G CWPH] 5899+ 0817  3030+022%  9.65+021%
FAE 64.710 58.380 67.990
PAE 0.000 0.000 0.000

F: D45 Sham 41 HL4Z, P<0.05; @5 G 4ltb#, P<0.05; @
5G4, P<0.05,
2.3 CWPXIRREE/NR O ARG AR S YA 20
24/ BUIMLYE ¢Tnl . CK-MB H48 , 2877 22434t
WA G E X (P <0.05) ., 5 Sham 414 b,
G" 21 A1 G 4H /N B ¢Tnl. CK-MB 7K F- ¥ F+ &5 (P <
0.05); 5G4HAMI,CCWP A /N cTn I .CK-MB
IR BB (P <0.05) ;5 G 4LA L, GCWP 2/ R
¢Tn 1 CK-MB /K&K (P <0.05), W2,
2.4 CWP X BREE /R K IE B F R 220
2% 21 /N BRI 3 2 RE ] F TL-1B . 1L-6 \ TNF-« .
IL-10 LhAE, 407 2250, 2 R A Gt B L (P<
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G

x2 HFHAPMRMBONBGIREDAELE (n=8, x+s)

2151 ¢TNI/(pg/mL) CK-MB/(ng/mL)
Sham 2 455.16 + 17.09 6.31 £0.68
G4l 993.55 + 13.04" 14.60 = 1.717
G CWP4] 688.76 + 17.06% 11.14 £ 1.13%
G4 727.06 + 16.53" 11.82 +1.58"
G CWPZ 535.12 + 10.96% 8.24 + 1.46%
F{8 1126.328 33.386
P 0.000 0.000

1 D Sham 4 L, P<0.05; @5 G LA, P<0.05; @5 G 4L
H 42, P <0.05,

e =
T AR e -

e e O
G CWPZH
B1 SAMROIBEREEOEE

0.05) . 5 Sham 41 Lt , G 41 A1 G40 /)N BRUAE 48 A
IL~1B . IL-6 . TNF-a K i 4% A F 1L~ 107J<¥i’37’+m
(P<0.05) ;5 G A, G'CWP 2 /)N B %8 H 7 IL-
1B IL-6 . TNF-a 7K F-HI FEAIG , $T 4 7 1L-10 7K F
T (P <0.05) ;5 G4l A E , G CWP 41/ BLIE 4% A
FIL-1B . IL-6 , TNF-a 7K X FEAIG, BL 58 I F 1L-10
IKF-THE (P <0.05) . W3,

#£3 HANRMBRERFKFELE (n=8, pgml, x+s)
215 IL-1B8 1L-6 TNF- a 1L-10
Sham 41 13225 +9.27 66.63 = 4.29 88.57 +6.28 172.96 +7.32
G4l 293.64 +11.017 142.26 + 11.85"7 19571 +9.26" 283.45 +10.94"
G'CWPZH 192.50 +7.55% 105.63 +3.99% 136.26 + 4.12% 357.14 + 8.63%
G4 238.82 + 16.747 119.23 + 4.50" 166.32 + 8.54% 375.39 +7.987
G CWP4l 174.81 = 12.82% 67.10 +3.97% 9731 +4.77% 423.86 + 11.25%
FA& 162.453 155.962 259.504 653.411
Pl 0.000 0.000 0.000 0.000

#: @5 Sham 41 FL4% , P <0.05; @5 G 4l He 4, P <0.05; @Y G4l LhEE, P <0.05.

2.5 CWPXIRRSE/NROAALRFSZET AR
E YL {025 5B B R, Sham 26 41 2.0 L 2T 4 ik 57
BEESE O N 4E R 3 5], 0 ZUR W] 0 LEF
2k W S ik i DT 28 A [ o B S 3 A, A AL B 0 UL
Hﬂﬂejﬁn SAE AN IR . T G G AT W £
S0 LT 4 (8] B3 K, ] 53 ] D B ik 7 1 A 8
fﬁiﬂ@/xﬂﬂ G'CWP 41 Hl G CWP £H ) b i g P 24 ok AR
BGHMGHE MR, WK 2,

2.6 CWP xthREFiE /R O ALZH 4R NF-«B i# 2% 15
KERRIENZM

o P 2 AUk g 5 55 R KR, £ 2 NF-kB p65
HEA MR G A, &0 200, Z R A S0t
¥ Y (P<0.05)., 5 Sham A, GTAH M G A
NF-«B p65 £ [ FH 14 2% 35 1 AL 35 B 1 4 K (P <
0.05) ; 5 G AR I , G'CWP 4 /)N L NF-kB p65 2 11
BH 4 22 35 10 A BIF s/ (P <0.05) 55 G4 A T,
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FEE, A HTIROUAESE R A OO I ERRE /N BRC TR 5 1 LR E ]

G'CWP4

G CWP4

SROFR OISR AR 1 ST

2 BEAMNROIARFEEE

G CWP £ /)N FL NF=k B p65 25 [ FH M 5 1% i FH

e T

A P

Sham £H

~{¥,  (HE x 200)
INP<0.05), WIK3FIEAS,

G'CWP4

G4
ZHZA NF-«B p65 & AR RIE

3 FBHNROM

x4 BHENRNF-«B p65 ZEAMRIEERSLLELER

(n=8, %, x+s)
am o NS

Sham 21 3.68 + 0.68

G4 9.80 + 4.327

G'CWPZH 4.90 +2.38%

G4 8.48 +3.52"

G CWPH 479 +2.04%

FAH 5.118

PAH 0.004

#:O5 Sham 41 5, P<0.05; @5 G4, P<0.05; @
5G4l i, P<0.05,

G CWP4H
(el 2k 44 (5 x 200)

3 it
H&aﬁmﬂa@ %‘I@E‘Jéﬁxﬁ}ifﬁ
PR D RE R AT . LR O LA %%}ﬂ%aiﬁ%

%%D—ILE(H{FZ{EZ*O WEFEHE , M RE R T 2
50% ] H B LA, BN O LI SR D E T B 0
JULTEE S T i S0 ILZH 203 BRAE 455 45 , i 4 90 UL 43
15 9 JE 0] 3k 60% LA b, 3w T 00 WL 0
HUO L A (AN L B ER G L B LR A
) VETA R EE L SR IR AE Z e AR B e BT
SEOMERAE , HE M 5| K 4 B RAE RN £ A", A
TF 9038 o 52 ) 5 % P A (4 0 3 4 BR ) R s
22 BT (K 5 A T ) SIMI /N BRUSE AL, A0 T RE
O WU U5 bR A5 9 L 9 E TR B 41 20 B 2% 4 A 4k
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4736 &

JF, RGARTT CWP X SIML /N U AR E T . A
WF 58 45 SRR 52, CWP i) A 2800 38 ik 5 E /1 BRLAY O
Ty fig B i, 980 LA 005 5 ARRE S Bz, HLWEAS [R] 3
Joa BRI 15 1Y) JHe B AE 1 B LR AP 00

SIMI B A% Oy 5 AF 20 D RE T %, H 5 R E
T T 000 WLAH B 45345 . 6 R A 1y B s 15 %% D) A
ORISR 45 R R, 5 Sham U AH I, G AL S
G 4.0 T EHE B3 LVEF , LVFS K CO 7K F 34 W i [
%, Bl e 0 ZE A DI RE A2 4L, il CWP T Hi 5, b
iR L D) R R bR W 5 BT 4R CWP AT 2 O LI
AETNHE . X —LRIRLN AT B CWP o B i L
BRI R BRER AR M oA C i 4y Tl il
SU i1 I DTN L5 TR NI
O U 45 Dy g

O U 5 & 4 o Tl F11 CK-MB A9 B il B 2 %
WO JUL 240 B 55 4 B O, JHG Il 35 7K 7 55 SIMIT R A
IEAR P AR 45 3 R, 5 Sham 1A [L, G+
2H e G- /8 BRI 7% Tnl & CK-MB 7K S 4 B & F+
=, 1M CWP 1 A A AL R 48 4, 4278 CWP
A WO LA B 5 PR . %45 R 5 HE 3
WL B A Bk B A — B, GTH M G D LA
2L I W S 2 Ak Uy 2R R RE IR B JR) BT K e
CWP 2H 0> L2540 25 L B 9 40 B V3 i 25 0k %, 4o
CWP 7] 38 i fR 470 LA U0 28 58 3 M, 32D 0 L
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