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[(FEZE] B B % P BR R R 2% BT o TR A RS, T & o (B A BRI 1A 2 % B (SEB) #1
fig 2208 (LPS) &2 A5 510/ RUMEREE AR AR, WA I3 28 i IRl JL 4 48 1 3k K S I A8 Ak, R AS [R] 571 it i
BRIK o 1 (T o 1) XTREEEIE A e T HE . ik BE8E SPF Zufd I PE BALb/c /N 90 H, ¥ B HLEL 7%
Bl /N AR IRZE L T ool /NS AN T oo 1 R, AE2H 30 Ho SR FH 1)/ BUKE s i B 300 pg/kg SEB Fil
1000 wgrkg LPS 1Y 7 B il /N BRUE A B IR AE AT . T I8 s {2 50 SEB 2 h )=, 45 B A /N BRUME IR 342 559 LPS
1 000 pe/kg BRI T o1 /NRI /N B3 FEES T 1 100 pe/kg, Tol KFIEH/DEIEHE FEN Tal
2000 pg/ke, X IR 45 T S5 R IR SR 28 0PI (PBS ). MLEEIIC SR 45 41/ BRUIBL S 6 h I IRTESR L, FHlA s
2. 4.6 h BUMAES LI , R PR G e % fHA I (ELISA ) Rl 4% 41 /N RS [ 4/ 25 (IL-6, 11-10), v T4k
FIFN-vy )  REIRIER T - o (TNF- o ) /K- 5 ZbAE s I B UL 2, DA ™ WA AU 2H 23 () B i A
K R 1 G 9% BN G: (Western blotting ) 52 JLIE 2H A% 5 S IR F B p65 (NF-xB p65) A8 [ #3k 7K
H£R OHBAE6h, Tal NIEAMTa | KFEA/NFRGHIG ) PR FEE T B KE SR
A o) TR 2 ) S AR ARG RS #0535 (43) £ 1.20+0.42, 1.10+0.31 [ 2.70+0.48, #E£ (43) : 1.50+0.53 ., 1.40+0.52
I 2.60+0.70, FEL (43):1.20+0.42 ., 1.30+0.48 ¥ 2.30+0.48, FFI (43): 1.20+0.42 . 1.30+0.48 [t 2.40+0.70,
12E (43):1.40+£0.52, 1.20+0.42 Fb 2.60+0.52, KfE (43) : 1.40+£0.52,1.40+0.52 £ 2.40+0.52, 3 P<<0.05 ],
Rl Fsf (] B 4, 2521 11-6. L TL-10 3B BiFRAR, TL-10/11L-6 LA 2 JeRRARS THa a3, IFN- v S 5eTh S 5 BRI
s X IR TNF- o FREEFEAT, IRAT LY NF-«B p65 B9 A F R KRS THE  Ta 1 /NI T o 1 K5
2 TNF- o 5 050U FHmta s, IFZH 40 NF-xB p65 B3R 113834 K 26 THS I AR E 3y, 44255 2 h,
To 1 /PFEEHA T o1 KGN 1L-6. TFN-y . NF-xB p65 (945 128 35 7K 39 B 5 i T % 1R ZH (10-6 (pg/L)
2439.63+3.46, 2442.38+22.53 1, 2281.47+27.97, IFN-v (ug/L) : 47.37+4.69., 50.16+7.50 I 40.24+8.64,
NF-kB p65/ B -actin : 0.160 £0.009 , 0.155+0.009 Lt 0.108 +0.005,%) P<<0.05 ), 1L-10. 1L-10/1L-6 FL{HI0H B AL
FRERLH (TL-10 (ug/L) : 82.30+17.00, 70.89 +8.25 Lt 214.71 +110.43, IL-10/IL-6 : 0.034+0.007 ., 0.029 +0.003
It 0.094 +0.048, 24 P<0.05 ); 45245 2 h 8 T 1 /NFIFRAHAN T oo | KHIELH TNF- o B0 IRZH BH 5 FAAIG (pg/LL s
774.84+136.97., 1 068.88+279.99 [t 2 712.68 +718.06), FFLH| 445 255 6 h (¥ P<0.05). i BRI g 7R, il
LHZEEE N AT DL PR E8 /0 M BE R IR | A i fe) i HH R4, T oo 1 /NFIEZH R T oo 1 RSR R4 AT D it i) ok afn 59
FEIMA 5K, A WA TA] B H i 5 FFZH SO Rl DL R AT A0 i, BEASR, T oo 1 /AL R T o 1 RS
AR s B A OGRS T AT I IR ZH (B R IMAS A0, T oo 1 /R ZH e T o 1 RF R 228 35% 5 O ILZH 20
B R IRLA M WY K AT ML, Tl /NN T o | KNS FRMEARER . &8 Tal HH Tk
# SEB 5 LPS & 4 T (W Mesihe /N US| B5R JHe #5 0 /I B S e I 28 (HRR SR (B G B, 487K T | FEIR A
FRYLAORFSE Fp R SR LA YRS 5 T 1 76 SEB 5 LPS B &0 S0 Med e/ P i A 3G BT BlakR, &
T8 (N A R i — 2P 9E
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[Abstract] Objective To simulate the combined infection of Gram positive coccus and Gram negative bacillus,
and establish a mouse model of sepsis induced by Staphylococcus aureus enterotoxin B (SEB) and lipopolysaccharide
(LPS), observe the expression levels of serum inflammatory factors and hiprotein, and explore the immune intervention
effect of different doses of thymosin a1 (Ta 1) on sepsis. Methods Ninety SPF healthy male BALb/c mice were
selected and divided into control group, T o 1 low-dose group, and T a 1 high-dose group according to random number
table method, with 30 mice in each group. Mice were intraperitoneally injected with 300 ng/kg SEB and 1 000 pg/kg
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LPS to reproduce a mouse model of complex sepsis. After 2 hours intraperitoneal injection of SEB, all mice were
intraperitoneally injected with LPS 1000 pg/kg, while mice in low-dose group were subcutaneously injected with
Tal 100 pg/kg, and mice in high-dose group were subcutaneously injected with T a1 2 000 pg/kg, the control group
was given the same amount of phosphate buffer salt solution (PBS). The physical manifestations of mice in each group
were observed and recorded 6 hours after modeling. Blood samples were collected at 2, 4, and 6 hours after modeling,
and serum levels of interleukins (IL-6, IL-10), interferon--y (IFN-‘y), and tumor necrosis factor-a (TNF-a ) were
detected by enzyme-linked immunosorbent assay (ELISA). After death, spleen tissue was taken, and histopathological
changes of spleen were observed under light microscope. Protein expression level of nuclear transcription factor-xB
p65 (NF-xB p65) in spleen tissue was determined by Western blotting. Results Six hours after administration,
the scores of mental activity, feeding, shivering, breathing, hair erectomia, and stool in Ta 1 low-dose group and
T a1 high-dose group were significantly lower than those in control group (mental activity: 1.20+0.42, 1.10+0.31
vs. 2.70+0.48, feeding: 1.50+0.53, 1.40+0.52 vs. 2.60+0.70, shivering: 1.20+0.42, 1.30 £0.48 vs. 2.30+0.48,
breathing: 1.204+0.42, 1.30£0.48 vs. 2.40£0.70, hair erectomia: 1.40£0.52, 1.20£0.42 vs. 2.60£0.52, stool:
1.40+0.52, 1.40 £0.52 vs. 2.40£0.52, all P < 0.05). With the extension of time, IL-6 and IL-10 decreased gradually,
IL-10/1L-6 ratio first decreased and then increased, and IFN- vy first increased and then decreased, TNF- o decreased
continuously in control group, the expression level of NF-kB p65 protein in the spleen of the control group was increased.
The TNF-a« in T o 1 low-dose group and T « 1 high-dose group were first decreased and then increased, and the protein
expression level of NF-kB p65 in spleen tissue was first increased and then decreased. Two hours after administration,
the protein expression levels of IL-6, IFN-+vy and NF-kB p65 in T o 1 low-dose group and T o 1 high-dose group were
significantly higher than those in control group [IL-6 (ug/L): 2 439.63 £-3.46, 2 442.38 £22.53 vs. 2 281.47+27.97,
IFN-~ (ug/l) : 47.37+4.69, 50.16+7.50 vs. 40.24+8.64, NF-xB p65/B -actin: 0.160£0.009, 0.155+0.009 vs.
0.108 £0.005, all P < 0.05], IL-10 and IL-10/IL-6 ratios were significantly lower than those in the control group [IL-10
(ug/L): 82.30£17.00, 70.89 £8.25 vs. 214.71 £110.43, 1L-10/ IL-6: 034 £0.007, 0.029 £0.003 vs. 0.094 £0.048,
both P < 0.05]. TNF-a in T a1 low-dose group and T o 1 high-dose group were significantly decreased from 2 hours
after administration compared with control group (ug/L: 774.84 2 136.97, 1 068.88 =279.99 vs. 2 712.68 & 718.06), and
continued to 6 hours after administration (all P < 0.05). Pathological observation: partial alveolar wall destruction and
pulmonary interstitial hemorrhage were observed in the control group under light microscope, while vascular congestion
and dilatation were observed in the low-dose and high-dose T o 1 groups, but no pulmonary interstitial hemorrhage was
observed. Under light microscope: hepatocyte edema and color were observed in the control group, and the lesions in the
low-dose and high-dose T & 1 groups were less severe. The vascular congestion in the renal interstitial was observed in
the control group under light microscope, and the lesions in the low-dose T o 1 group and the high-dose T o 1 group were
mild. Vascular dilatation and hyperemia were occasionally observed in the control group under light microscope, while
morphological findings in the low-dose and high-dose T a1 groups were normal. Conclusions T a1 can improve
the prognosis of SEB and LPS-mediated septic mice and enhance the immune response of septic mice, but the duration
is limited, suggesting that the time and course of T a 1 should be paid attention to in the study of mixed infection. The
effective dose range of T a 1 in SEB and LPS-mediated septic mice is large, and the appropriate dose needs to be further
studied.
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1. Ta | KFIELL, UL 30 2o TR/ R
HIFLG 2. 4.6 h 3B EUEAT LSS, BE4 10 Ho
] A 7 BUKE S P9 33 5 SEB 300 pgrkg, 2 h 5 iR
FESS LPS 1000 pg/kg, [AIRF T oo 1 /MR EAUE K T
TES Tl 100 pg/kg, T o1 KGR 1 20 I 8 B T 145
Tal 2000 wgke, XL /N R R R T 1 0 45 8
FRER 2%t (phosphate buffer saline, PBS ),

1.2 S IR R S ) - >R 1l /) GO S P9 3 25
300 ug/kg SEB 2 h J5 FHESF 1000 pg/kg LPS 755/
BRI B R e BERE A

1.3 RH A S YA S A G s
AR, IF A B BT A8 23 5F 2341t o (i it
5 :2015214),

14 SYRIER A TR R4S T
LPS J5 5.5~ 6 h WL%% 3 20 /)N BLAOAS FiG 3 L R AL
E N NS SN

1.5 Rl bs KOsk

L5 SR FRFIE - THIBS 2.4, 6 h 1]
/N el R P DK AL 5 AL, R T IR IER 6 2 M 3
(enzyme linked immunosorbent assay, ELISA) fzl /s
BRI 1 41 3 (interleukins, 1L-6, 1L-10), vy T
& (interferon- vy , IFN- v ), BRI ERFER T - o (tumor
necrosis factor- o , TNF- a0 ) 7K,

1.5.2 B¥ 5% K F —«B p65 (nuclear factor-xB p65,
NF-xB p65) (Y IR IAAKCFIE : HIF5 2.4, 6 h
KM AR A8/ N BRIBUBLAL 4, SR A 1 o S22 BRI
5% (Western blotting ) M 5 /)N BUBLIE ZH 21 NF-xB p65
A RIBIKF o FART B MR 2L )5,
$E W L ] Lowry £ H € & 300 & 0 2 1 &
i, T AR R - R IR TR BRI LUK (sodium
dodecylsulfate-sodium dodecylsulfatepolyacrylamide gel
electrophoresis, SDS-PAGE ), F 5, 51741, In—Hiiis &
W, FINZOEE bR i) PR &, WL AN H
A, LA B - WU (B -actin) fE N2t
B NF-xB p65 HAIX ik .

153 HZURHEENE . THIBUS 6 h HIE %
BAIRREE /NS L B GO I L B RS AT IR R -

LT (hematoxylin-eosin, HE ) Y&t Y5 T A4 20
B LU B T

1.6 Seil2#77 ik fdiFH SPSS 19.0 48 iH 5443 #r
g, THEBIEIF A IES A IS + prifE2
(x+s) Fon, IESTER K5 AT 7 25081, I 2255
KRR R I 25001, 2ZAFFRA N LR 2
APSTREAR BRI E . P<0.05 WEFALIT2F
2 F R

2.1 S UU/NERNE LI E Lo e (R 1)«
FEJE 6 h, AR T ol 20K BUR MG 3 R,
FENG VPN R R P 2 T HE 4 I R AR
(¥ P<0.05),

22 A4/ 1L-6, 1L-10, IL-10/1L-6 HCAH .
IFN-vy . TNF- o« 7K HEEE (3R 2):3 4 11-6 . 11-10
7KV Bt B ] SEE K 52 28 R ARG B 34, TL-10/1L-6 5258
AR S TR a3 5 X IR ZH TNF- o FFEEFEMR, Tl
ANFIEZH AT T o 1K AL S R AR IS T 5 TFN-
BT RIEREIRES . B2 hE Tal /NilE
HF T ol KR TNF- o HIHBAL T4 R 2, 35
LR ZY)E 6 h(¥ P<001), 4525/52h, Tal /b
FIELA A T o 1 KFIHH 1L-6 . TNF- o K207 5
T R AL, TL-10/11-6 B A F X iR 21 (¥ P<
0.05), fH Tae 1 /N5 3 2H A1 T 1 K ) 42 4H 116,
IL-10, IL-10/1L-6 HAf 3 22 ¥ gt 22 X
(¥ P>0.05),

2.3 B/ BB IELHZY NF-kB p65 & FH ik K
ML (R 2) : To 1 /NI A T o 1 K 5 20 B
HEZHZT NF-xB p65 &5 [ 7 A 7K 24 Bifi i [A] 2E 4K 2 5
T v I BEAG () e 38, o HE 2 9L 2 20 NF-xB p65 1Y
A RBHE TR RS & 42505 2 h, Tal
INFIE LA T o 1 R HHR 2 NF-kB p65 145 1 £k
K4 0 2 T B A (2 P<<0.05), Hi A4y 45 15t []
& NF-kB p65 £ [ R IRKF A2 8 Jose 20
X (# P>0.05),

2.4 RBEESAULER . AR 20)E 6 h, EEE T Al UL, XA
/N BRI 28 208 4 il ot B A TR, A7 it ) i o i B 52

&1 H#EE6h FANREERABUTSHER (x £5)

Eibl PR KRG () R () FE () R (53) BE () RAEE (53)
X} B 30 2.70+£0.48 2.60+0.70 2304048 2.40+0.70 2.60+0.52 2.40+0.52
To 1 /2 30 1.20+0.42° 1.50+0.53° 1.20+0.42° 1.20+0.42* 1.40+052%  1.40+0.52°
To | KHIEH 30 1.10+0.31* 1.40+0.52* 1.30+0.48° 1.30+0.48° 1204042 1.40+0.52°

1 SRR AR, “P<0.05
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F2 HIEEAERERSENRMDERERF R NF-k B p65 EARIZKFERIELER (x £5)

- i sk 1L-6 IL-10 L 10/L6 IFN- vy TNF- o NF—KB'/
(H) (ug/L) (ug/L) (ug/L) (ug/L) B -actin
X B2 2G)52h 10 228147+ 2797  21471+11043  0.094+0.048 4024+ 8.64 2712.68+718.06  0.108+0.005
255 4h 10 2280.82+ 3134  87.92+ 57.83  0.038+0.025 86.52+45.02  1220.36+598.56  0.158+0.068
4i2hi6h 10 1363.72+786.48  51.68+ 2936  0.043+0.019  46.55+14.13 898.22+588.28  0.192+0.007
Tal/N #3255 2h 10 2439.63+ 346 8230+ 17.00° 0.034+0.007% 4737+ 4.69*  774.84+136.97" 0.160+0.009°
FEd AZ5fa4h 10 226488+ 3875 3383+ 791  0.015+0.004 88.11+16.18 128.75+ 32.58*  0.340+0.087
425 6h 10 825.44+210.06 3191+ 559  0.040+0.009 5421+ 298 191.75+ 70.80* 0.232+0.031
Talk 425 2h 10 244238+ 2253 7089+ 825 0.029+0.003% 50.16+ 7.50* 1068.88+279.99?" 0.155+0.009°
FIEL A%5)54h 0 10 231088+ 76.61 3723+ 6.67  0.016+0.003  107.53+39.40 159.56+ 71.27%  0.244+0.057
APE 6h 10 123232440516 3877+ 1140  0.033+0.008  55.16+ 6.36 24690+ 76.43% 0.223+0.011

I SRR, 2P<0.05 5 5 Ta | /NARZLRIE HeAR, PP<0.01

To 1 /A2 K T oo 1 R 2H ] L il [ Jo 1f A 5
M5k, AR DLl ] S5 5 0L 5 ) B ZH 2 ST 20 ik
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ONHLTE S RIFEAR IR
3 %W it
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JO7 2 98 55 [R] Bt A A 6 2 A ) e B 8 R B 2 410 il
PSS PN PO RN N
B RAE I 25 A AE (systemic inflammatory response
syndrome, SIRS)"™', 0 £ ¥k $1 & |2 N 2% & 1F
(compensatory anti-inflammatory response syndrome,
CARS)"! IR PRSI RILE AT (mixed antagonism
response syndrome, MARS)[21 ]\ WP RN EE
fIE 5 52 4 0 - e 2 0 R - 43 A A 25 A AE
(persistent inflammation-immunosuppression catabolism
syndrome , PICS)" ™ S5 A0E o A 2K 312 1, BT 50 3 S
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(00 NGUE |23 e S < e b gl | DN 8 22
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like receptor, TLR ), #8 [a] #MA | 30 il 72 5 4 A6 T 527
& -1 (programmed death-1,PD-1) F1 (£%) PD FifA -1
(PD-ligand 1, PD-L1) i&485%, KA L4k AT
Xof AT e~ BTN Il g, 1EL H RS R 4 R
ARNAITITIE D Tal AT LULEfd R A A P
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A g B A TL-10 $0 48 A Tt AT 5 4
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S 20 L )45 5 22 0 40 IEN- y T 0k e 2
iE R S BE DD REAIC TOIRAS i e Sl Bk T 41 2
(T helper cell 2, Th2) 4 it 52 N7, A ) T 251 Bk
e, T 4 5 2R AE R OV NF-xB & A 7R T
20 i J5 P BRSNS R, 25 8 B S A
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DR 7 Rt 48 N1 B, 4545 TL-6 AT IL-101%0, #F
FEFRWT, NF-xB AN MEEERE 5 20 SO A PFA L+
PR TNF- o SRR B/ AN A i 2
TIIRe 20 R, J2 A0 BN A ik 2 R F i 2 R
Z U ARIK OB TNF- o ] 45 25 4 I B3 2
FOEHUAR B EBLEE , BRI & A4 (H TNF- o £F
ST HU B A RS BT 247 A i

AWFFE B, R4 LPS RIEATEISS T Ta 1, 45
255 2h, Tal MR T o 1 RFEALILE 11-6
FIFN- v 7KSF B 5 T X5 IR 4, TL-10 /K73 S
T PR, M TL-10/11-6 F {8 B A T % B 4,
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2 h BIRFEEREIR L 2252455 6 h, 45878 T o 1 H5R AN
B PERF LI [RGB A AR T 00028 1o 28 () A S )
A PR, $27R T o 1 7ETR A B RIS o e 1
IFHLAIS YRR 5 IR PR b T oo 1 76 B EEAE o Y 07 9
UCRERRE 2 R, M fFiE— PR T, A, i
AE B EMALURERE L B W T ol Ja/hR
il <o JHF L R R, 0 IR AR AR AR
X R IR 5 AR AT R,
M Tal Ja/NRSHIE S JE | F85R . PP R
KAE PR S5 5 %) R4 b 2 R A St
o g1, Tal N A RT3 SEB 5 LPS 4
IR ERRE /N RIS

AR N AR Tal 425)5 2 h, Tal
T TNF-« AFEET Tal NRlE, 25
25 4h A6 h, Tal KilEZ TNF-o KA T
Ta 1 /NiEEA, B2 5 TG 24 S, HoAh 5E [
TFAEMHTBE Ta 1 /NFIR A Ta | KFIEY 2R
IR TEGE 27 S 5 RIS, I ARE R = AR o S 4%
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