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[Abstract] Objective To understand the effect of astaxanthin on intestinal injury of septic mice, and explore the
mechanism. Methods Septic mice model was constructed by cecum ligation and puncture (CLP). Sixty-two male

Balb/c mice were randomly divided into 4 groups by random number method: Sham surgery + solvent control group
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(Sham + Vehi group, n=11), Sham surgery + astaxanthin group (Sham + Asta group, n=11), sepsis model + sol-
vent control group (CLP + Vehi group, n=20), and sepsis model + astaxanthin group (CLP + Asta group, n=20).
In astaxanthin-containing groups. astaxanthin was dissolved in edible olive oil (40 mg/mL) , and 100 mg/(kg * d)
was gavaged for 7 days before surgery. In solvent-containing groups. the solvent was treated with an equal amount
of olive oil by gavage (2.5 ml./kg). Five mice from the Sham groups and 12 mice from the CLP groups were ran-
domly selected to observe their 7-day survival after surgery. The remaining mice were given fluorescent isothiocya-
nate dextran (FD-40) gavage at 18 hours after surgery. Changes in mice intestinal tissue morphology, intestinal
functional injury indicators, intestinal tissue oxidative stress indicators, inflammatory factors expression, and ex-
pression of key protein of peroxisome proliferator-activated receptor ¥ (PPARY)/nuclear factor kappa B (NF-«B)
were detected 24 hours after surgery. Results There were no statistical differences in mice survival rate, intestinal
injury indicators, intestinal inflammatory factor levels, oxidative stress indicators, and intestinal tissue injury scores
between Sham + Vehi and Sham + Asta groups (all P>>0.05). Compared with the Sham + Vehi group, the survival
rate of mice in the CLP + Vehi group decreased significantly; serum diamine oxidase (DAQ) activities, levels of in-
testinal fatty acid binding protein (I-FABP), D-lactate, and FD-40 increased significantly; levels of tumor necrosis
factor-a (TNF-a), interleukin-18 (IL-1B) , interleukin-6 (IL-6) and malondialdehyde (MDA) in intestinal tissue in-
creased significantly; superoxide dismutase (SOD) activity decreased; intestinal morphological injury score was
higher; the expression of PPARY in intestinal tissue increased, and the ratios of both p-IkBa/IkBa and p-p65/p65 in-
creased (all P<C0.05). Compared with the CLP + Vehi group, the survival rate of mice in the CLP + Asta group im-
proved; serum DAOQO activities, levels of '/FABP, D-lactate and FD-40 all decreased significantly; levels of TNF-q,
IL-18, IL-6 and MDA in intestinal tissue decreased significantly; SOD activity increased; intestinal morphological
injury score decreased; PPARY expression in intestinal tissue increased, and the ratios of both p-IxBa/IxBa and
p-p65/p65 decreased (all P<C0. 05). Conclusion Astaxanthin decreases intestinal injury in CLP-induced septic
mice, and its mechanism may be related to the regulation of PPARY/NF-«B signaling pathway, as well as the inhibi-
tion of inflammatory response and oxidative stress.
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« 575

JHR B R 2 A X S e S R R B A S
18 B ) B A 2 FRE M B By (TCUD % DL 19 i
IREEAIE RBET I R EJRHZ —, i b T ik
i AR R B O PR T L N e 2 A E U RE R
8 2% 4 ik (multiple organ dysfunction syndrome,
MODS) i “ b gl & B 7. 2 5 RN T 51 B 18 5
R W A 0 o | R U T A A R A b R T
T 20 B AN B R B AL B MODS, B S0 T
i ) 6 B i 2 T S50 B AR 5 s PR R R L A B H 8
FEAK 5 BE 2R T 5 1Y) 7 D DAL A g 5 e LS ) A
SEFERE RS AR I ) BE R U e O O &
i o B ARG HE 26 1) 1 B2 T B, 2 I IR 22 6 F O R Y

R 2T N TE DS (TR | AR S 7 A R & B
MRS DR T AN EY . RASIR LA,
PO IR e I R e LR e g S 2 AL N . IR
HREBRA P 2 R w Bt R E
1 2440 B A B Ry e DR R B 2 AR R I E AR Dy
VR I NG 1 RN 1 NS i o 0/ h
FUIURT R 0] MR/ B E VE W i b 5t 97 1 45 W

R BGEEALT AT RE 5 410 ) 28 AE » 1A 4 L Wk 400 M A% AL
DRAP 0 o s S 2 5 S A ) R S A OGS IR R ]
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R 46 45 i 41 20 IS A B RE - 3R
KR, B TE T R R X e R AE /)N B 8 40
HIVEF L 3 Bl 28 PPARY/NF-«B {55 53 1% 91 4 %3
HATREMLH . O 90 % MR 5 2R AY 2 31 2 AR T BT 16 ik



e 576 R YL R 25 A8 2024 4E 5 A5 23 %5 5 W] Chin J Infect Control Vol 23 No 5 May 2024

TR i 3 45 7 B A RS AR

1 #MREFE

L1 £2&&XA  IFE R GEE Sigma 20D, A
P Jle € g 48 Fi B2 25 45 BR 22 W), TNF-a 1L-6,
IL-1B3. i &Y 5 10 BR 4% & 5 1 (intestinal fatty acid
binding protein, I-FABP) [ Bt 4 & Wk [ff ) &
(ELISA) i & GROUE LA w]D L g D-FLR
& (3 E BioVision 24 ®]) . — it A b i (diamine
oxidase, DAO) K I i 7] & (AL W R FE A w)) ,
A ALY B Ak Bl (superoxide dismutase, SOD) [N —
% (malondialdehyde, MDA)RF| & (7 5t 2 4 W)
28 FD SO0 i TR h ) R R (FD-40, 36 [H Sigma
2 FD S F PPARY UM p65 HLiA . p-p65 HL i . IKBa
Hik . p-TIKBa Hi{K | practin Hi &k (£ EH CST A #)).
S5 & H AR e it B A A \D .

1.2 X%sha5om  JoF 2 R Cspecific
pathogen free, SPF)Zk ik Balb/c /Nl 62 H .7 JH
W% R S T R K S B ) A AR A R 1A )
TN A R IE 23~25C R JE 506 ~6006 . BRI
Ao MR8 5 3 1 “3Rs” J5E W Reduction (Y
/b)) \Replacement () . Refinement ({5 k), & %
JE B AR B i e X SRk B 5 7R CLP 52 it i
FARGIVFLICT: kA o B 2 e i 50 o0 A1 L FE AR
BT ABRFAR + BRI 4L (Sham + Vehi 4,2 =
1) fEF AR + IF % Z 4 (Sham + Asta 41,7 = 11,
i B RE AL T + 5500 0 HEZH (CLP + Vehi 21,7 = 20)
JHe B REAR R + AR 7 K 41 (CLP + Asta 41,1 = 20),
K JHBEHL B 76 62 HHETE Balb/c /)N R 43 U
HRERAEMT ., O% 5 B/ 1~62 %
T OARMMEEHLECT  NBEVLECF R PR E — D
FEIG W TR — J7 B 3R 62 ASBEALE. O K4
B FEHLECSR LA (D SRR B, D43 R B0y
M4 A% M 1 )] Sham + Vehi . % 2 H
Sham + Asta 2, &%~ 3 13 CLP + Vehi 2., &R N
H CLP + Asta 41 ; 25 BEALECH /N T BREC 4, W % B
PUBCH A . @R . 91k H 5 & HEh W B H A
& HAB R S R T ARA 2 &/ RRE T R4,
Ak 2L Ty B — A BEHLEC T Gy BERLEC 0 U )5 4
— AFEHLEO » B B0 R T AR 3 W B ik
a) AN AREL b AE MR T ARA I S W e 5 G
RN F 5 o) B R FARAEE b S
B FARE AR B & HEEFEER ML,

AR GE L3 1% Be A B2 01 43 At 0P 3 P 1
JIT A AL B I AT I R A A S 5 B ) A BRI )
1.3 &4 LB RAmARE R CLP BRI {E
i /NERORET 8 h AR ERES £ 5 ok L JUbe A RR
T, JE 0 I R AE— K29 0.8 em [OH) T, i B g & i
MEW EEEBH Y 1.5 cm 540,20 S5 XF
22 W MRPR EFLiE W 5 48 A 15 H . Sham 4 AN H
W as L5 fL . A EAE TR CLP R, MR35 £ % T £ i
M (40 mg/mL) , RFTIESE 7 d 100 mg/ (kg + d)
T VAR T A5 B AT T E 1 (2.5 mL/kg) .,
6 LA R 2 A B AR U A Y B . B
FARYBENLIE 5 H /N, 155 R 41 Bl AL 3E 12 /)
BRoWEA G 7 RAEMFEL. FR/NRFARE 18 h
K HI FD-40 915 .24 h BRSSO I SR 1 88 3B I 75 R
FEF — 80 CARIMR VKA 5 W7 351 4k S8 /) B B3 B/ N i 4 21
FF A LU0 2 B AR SR ARkl
L4 AMEIRAFAN
L4l ART7REFE RTFARAMHIER S H
INER VBT BEMLEE R 12 HUNER L & 6 h W — IR,
MEEAR G 7 RAEFNL FRESAAEFR IFe A
FEMZL .
1.4.2 FEBAFERN K STERN H BLHE
P H A D) A BB T g8 . SR Chiu’s i 6 9%
VPP I 1B A GO 3000 TR b DL 3% 1,

F 1 Chiu’s i Zh B840 0 4 35

Table 1 Chiu’s scoring for intestinal mucosal injury
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S AL D-FLRR A B AL X — SRR R
it H 50 25 A0 606 E VA AG T D-FL IR /K F- B A H 10
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LT D-ABRWKE .

1.4.4 f7F DAO FHEARN RHZKALILE
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.46 EfFEEFZENAN NRARE18h T
750 mg/kg FD-40 15 . ¥EH 6 h J5.0 IR 1L, 73 &
MLV » 9643 560 BE A 7 WO BE UKk Ot 490 nm,
R 520 nm) ARl 2k T I FD-40 ¥ B
1.4.7 /N4 4 TNF-o IL-18.1L-6 % I-FABP #
Al SR ELISA £ TNF-o, IL-18,1L-6 K&
I-FABPY /K- B A4 A e vl W1 5 i ik 20 BR AT
il b ASCI 7 W ' BE L b v ff 2k vk S R R T
1.4.8 PPARY/NF-«B 5@ % x & d k%
K Western blotting #MAHCE A £k, EAH
f# I RIPACO. 1 mg/mL) &) 3% S /1N i 41 4L 3 B
EEIFER. £ 10% SDSPAGE HL K43 25 4% [ A
B R PR B S I AR Sk — P 4 CIEE SR
AP E 1 b EEGE BAIEER TS AR K
1.5 satFam HIRMAYHE L RfEZE (L
Fn s WA Graph Prism 5 $E47 8 o0t S AE L, R
H Kaplan-Meier 3517 Z H B R L. 40 5
Mr R FH B IH 26 7 2273 #F C(one-way ANOVA), J5
FEVE B 2R AT LSD-¢ 32 W PR b 3885 7 25 8 55 B SR
Dunnett T3 54, P<<0.05 NZERES5 T2 L,

21 WEHEEAREFREIRT R AEALRG YA W
2N CLP R )5 7 RAEEB M & W, Sham + Vehi
20 ) Sham + Asta /DR 7 RAETEZRI K 100% ;

I-FABP (pg/mL)

WA I FFABP /KB o i i DAO 3G C R i D-ZLER/K s D M Il FD-40 K,

CLP+ Vehi 41 7 RAAE# N 25. 00% ; CLP + Asta
417 RAEAEHRN 66.67%, 5 Sham+ Vehi 41 55,
CLP + Vehi 41/ 7 KA B FEAK(P<C0. 01);
5 Sham + Asta 41 L4, CLP + Asta /N 7 K2k
PR AR (P<<0. 05) 5 5 CLP + Vehi 4141 It .
CLP + Asta /N 7 RAAFF W] B T+ 5 (P<<0. 05),
DLEE 1, Uk B e B RE 455 7 57 ) . LA 2 AT el
LM /N 7 RAAERE,

--Sham+Vehi

100 = Sham+Asta
# -+ CLP+Vehi
* *CLP+Asta

501

A7 (%)

00 24 48 72 9% 150 14 168
] (h)
. % " Y5 Sham+ Vehi Zl5{ Sham + Asta 41 4, P<C0. 01;
# 2R 5 CLP+ Vehi 41 b4 , P<<0. 05,
B 1 HRE RN B 7 KA AR
Figure 1 Effect of astaxanthin on 7-day survival rate of sep-

tic mice

2.2 WHEMNKERDAMEHRG W H A CLP
ARG 24 ho 3N FFABP KF- 1l DAO §& % .
I D-FL R & FD-40 #E47 400, 45 4 & /R : Sham +
Vehi 415 Sham + Asta 241/ B I 7 DAO & T K&
I-FABP .D-ZL{2 \FD-40 7K L3¢, 22 R B LG it 2
=X (¥ P>0.05); 5 Sham + Vehi 4 . #,CLP +
Vehi 41 /) B 1fiL 3 DAO 3§ % & I-FABP, D-#, R .
FD-40 7K - ¥ 8] B+ 35 (¥ P<<0.01); 5 CLP +
Vehi 2 A ., CLP + Asta 41/ BUIIL IS DAO I ¥ &
[-FABP . \D-FLI2 \FD-40 /K - 24 5 BLAS [6] F J8 1) F
K. BHERIAEGRITFE XY P<0. 00, WE 2,
Ui B e AE /N B CLP AR5 24 h B BL T 9 2 49 1%
T, TR 2R AT S0S0GE REEAE N BRg TE T e

FD-40 (ng/mL)

(W A (&
N € A N €
e e o

* /85 Sham + Vehi £

% Sham + Asta 41 F55, P<<0.01; # 32755 CLP + Vehi 41 %, P<<0. 01,
B 2 R R AE /D B 845 R e

Figure 2 Effect of astaxanthin on intestinal injury of septic mice
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2.3 WHENKRFREADKNDMAREERTFH
#w  CLP RJ5 24 h, %/ BN 4 21 % 0% W
TNF-a IL-18 f TL-6 BEAT KL I . 45 3R 27K : Sham +
Vehi 2 & Sham + Asta 2 /) f /D g 4H 2 TNF-q.
IL-18 K 116 B4k T He LR AR K - . H P 20 P 45 22 S+
WIS 245 L (¥ P>>0.05,); 5 Sham + Vehi 41

Fe# , CLP + Vehi 4/ BN A 20 TNF-o IL-18 K
1L-6 K37k (35 P<<0.01) ;5 CLP + Vehi 4148
Ee . CLP + Asta 41/NBUN G 4120 R AE R 735 F B
(¥ P<<0.01), W32, UilIMEE/NR CLP K5
24 h B HAC KBV B RAE RN MEFE Rl A
AN B 18 SRy 8 4

F 2 IFFRXMEERAE /D BB IE A2 TNF-o IL-18 J TL-6 KV B0 (T £ 5)

Table 2 Effect of astaxanthin on the levels of TNF-a, IL-18 and IL-6 in intestinal tissue of septic mice (x £ s)

IL-13(pg/mL) 1L-6(pg/mL)

M (n=6) TNF-a(pg/mL)
Sham + Vehi 4 41.26+6.53
Sham + Asta 4 38.45+5.94
CLP + Vehi 4 176.35+£20.43"

CLP + Asta 4 95.37+12.68%7

33.68+5.35 92,15+ 20. 36

30.28+7.52 85.36+17.37
224,721 18.45" 763.25+%85.23"
104.53 £ 11.65** 354,27 £46.27*%

o x #n 5 Sham + Vehi 41 8 Sham + Asta 41 b4, P<<0. 01; # /R~ 5 CLP + Vehi 4 b . P<<0.01,

2.4 WWHEESKRERE DR DBHEL MDA 48 &
SOD ##eg#Hh CLP ARJG 24 h. %t /NR/INg 4L S
MDA % 5 & SOD {f ¥k #F 47 #5225 2R i 75 : Sham
+ Vehi 415 Sham + Asta 41 /M/MNH AL MDA 5
i SOD WEPE R, 2 R G2 E L (3 P>
0.05) ;5 Sham + Vehi 4] lL#, CLP + Vehi 41/ ]
NpH L MDA & &5 B & 5 (P<<0. 01), SOD {
PEHIBH B R R (P<<0. 01); 5 CLP + Vehi 24 [t .
CLP + Asta 41/ /N7 241 MDA & & W] 8 T F¥
(P<<0. 01,1 SOD & ¥ 8] & 7+ (P<<0.05), W
3. ULWIER T R A8 A RO kAT /D B E E Ak
N YR
2.5 WHAMNKEFREDNRANBALRTHESFHT A
CLP AR J5 24 h, WL 45 4/ BN o 41 4L 15 1
JiE47 Chiu’s #5145 3 73 45 R 8.7 : Sham + Vehi
2l ¢ Sham + Asta Z1/NR/NGAL LB N S50 K W
SRy R ISR o N NN IR Pl |
Chiu’s W43 822 S LG X (P>0.05), &5
Sham + Vehifd It , CLP + Vehi4H /) & /N 1 40 25

Sham+Asta

Sham+Vehi

=3 HRH E XA E /N BB 480 MDA & i & SOD i
PR (2 £ 5)
Table 3  Effect of astaxanthin on MDA content and SOD

activity in intestinal tissue of septic mice (& * )

H 5 (n=6) MDA (nmol/mg) SOD(U/mg)
Sham + Vehi 41 8.14£1.06 71.32%+9.12
Sham + Asta 41 7.24£0.85 73.26 £ 8. 35
CLP + Vehi 41 29.36+3.27" 35.75+6.53"

CLP + Asta 4 12.73+£2.14* % 63.10£6.5247

o * #8Y5 Sham + Vehi 4 8{ Sham + Asta 2 'L 5. P<<0. 01;
#3285 CLP + Vehi 4 L%, P<<0. 01; A/~ 5 Sham + Vehi £ 5§
Sham + Asta 2 L4 . P<<0. 05,

BT U IR A A= B, 3R i e Al R R
EE RN TR N 5 Ve R BV R SY L TS T
KA R MR 5 Chiu’ s ¥F 43 I (P<<0. 01),
WK 3, 5 CLP+ Vehi 414 [t , CLP + Asta 4177 f{/)N
9 28 2R A58 1 R %o 5 A M R B 0k T s 78 B AR P 44
R A XS 248 Chiu”s 3740 B 8 F [ (P<<0. 01)

CLP+Vehi CLP+Asta

B3 IR RN M AE /D U E A 2V S 1 5 (HE-Z 43,200 X))

Figure 3 Effect of astaxanthin on the morphology of intestinal tissue in septic mice (HE staining, 200 X )
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2.6 ¥FF F bR D R W48 PPARY/NE-
kB 1E 5 i@ %49 %k K Western blotting £ il
MBS i PPARy/NF-cB {5 53 § 1 56 26 11 19 %
ik .35 PPARY.p65. p-p65.1KBa. p-IKBa, 45 3 i
78 : 5 Sham + Vehi 4 H. %5 . Sham + Asta 44 .CLP +
Vehi 40 )% CLP + Asta 40/DN /N 40 28 PPARYy %
BN (# P<C0.05); 5 CLP + Vehi 4141 t,
CLP + Asta H/NR/NHH L PPARYy £k — 41
I (P<<0.05), Sham + Vehi 5§ Sham + Asta £ /s
SR/ 2 4R p65 . p-p65 . IkBa. p-IkBa ik L, 2

pros [ m—— 2

2.0
165 | . . | T
P'IKBOL|-——*—| Z1.01 A
B | —— . :
acti 5 @
B-actin| emm— e— — — \g\?P‘\“ Q’(‘b © \Y\&

T N GNP

e e O (R

S TLE i E L (¥ P>>0.05); 5 Sham + Vehi
4 dss, CLP + Vehi 41/ R/ 4 21 p65 K 1kBa
KX ZEFHLFE I E X P>0.05), ppb65.
p-1kBa#e ik K p-1kBa/IkBa K p-p65/p65 H{H 411
FFH( P<<0.05); 5 CLP + Vehi 4448 I, CLP +
Asta 2H/NEU/NBEH L p65 S TKBa 35 22 57 I8 4 T8
Giit2 8 L (¥ P>0.05), pp65. p-IKBa ik &
p-IkBa/IkBa.p-p65/p65 FLAE AN T (X P<<0.05),
DU 4, U8 B IR R 0] B8 o e 2 e 2 0 /) B 1B
PPARY {55 9P NF-«B {5 ‘5 g% L R EN .

@ Sham+Vehi
& Sham+Asta 20
B CLP+Vehi ’

@CLP+Asta w 1.5

@ Sham+Vehi
3 Sham+Asta
=CLP+Vehi
mCLP+Asta

0 e 5
p-p65/p65  p-lkBa/lkBa

1 * F/R Y5 Sham+ Vehi 415§ Sham + Asta 41t , P<<0.05; # /8 5 CLP + Vehi 4] o #, P<<0. 05,
4 IR X MR AE /DN BUN A 4120 PPARY/NFE-«B {5 538 [ 1) 52

Figure 4 Effect of astaxanthin on PPARY/NF-kB signaling pathway of intestinal tissue in septic mice
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Jife T i s I R 5 WL A A A o 5 0 R
PO . MRAERT, i e R FER T R
SE MODS Wtash# B2 . MERE 5l 2 & &
iE G5 25 L o R TICIY 4 A J9T B 3 ok A, 5% T i A
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