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(HZE] BH  BIHEREIR IR (SCFAs) X AR Z M (LPS) i 5 1 K
SMENP L £ A IR (ARDS) 2 S AE AL . 773k 20 HIfEMESD R
i FR B AL AL E 3075 o X B | AUZH | {IR5F B SCFAsZH 5 15 77 S SCFAs
A4, BASH, XA MARARI T IR FRER K, IR, i SCEAsZ] 49l
T LM SCFAs( ZR41300 mg/kg, TNAZHN100mg/kg, T L4100 mg/kg)
HI 577 it SCFAs( LR #1600 mg/kg, TITRHH1200 mg/kg, T 244200 mg/kg),
PERUHEE 7 do Bl JE X B R BV P E A B K, Hofth = 4E A <A
P LPS(S mg/kg) M A K FRARDSHE RS . 312 h/F AbFE K R, i 3
Jok 1M 483 T (Pa0,) « T/ T 5 [k (W/D), HEYL (WL 45 S84k,
ELISAVE R ML 7E M 304 It i e W (BALF) P R SR SE K 1 (TNF) - |
FZHIA 2 (IL)-6 . IL-10A9 E, Western blotting K I i 21 21 1 c-Jun 8 It
ARG (JNK) . p-JNK. ZUMe4M R & H ¥ (ERK) . p-ERK., p38#2 %
JEUE AL R G (MAPK) . p-p38 MAPK ., #%H T-«B(NF-kB) p6S. p-NF-kB
pOSE ML, MIEA LRI ES A b B EH H 1Z20-1, Occludin
MRIE, &R SXTHA S, BRI PaO, MK, Miw/D . fitifhi 5% Bl
P TIR, I35 ABALFHTNF-a, IL-6, IL-103% EEAH B, Al
p-JNK/JNK. p-ERK/ERK. p-p38 MAPK/p38 MAPKHIp-NF-kB p65/NF-kB
p6SHEM BT, 2L Z20-1. Occludinfk AT ¢ 15 5 0H . FE A%
(P<0.05), SEIRAILLE, Ik, il SCFAsAIPaO, T, Mfiw/D. Jiifh
s BRVE AT FRAK . 104 M2 BALFHHTNF-«, IL-6¥% B T [, IL- 10V S i —
ETHE, A4 p-JNK/JNK . p-ERK/ERK ., p-p38 MAPK/p38 MAPKA
p-NF-kB p65/NFE-kB p65 FLHFFL, 4542 H20-1. Occludinff H A%
FEIR B (P<0.05) . FIKFIEESCFASA HL#E, 574 SCRAsH]_F ik hrilk
W (P<0.05). 518 SCFAsHAG AT Sy 5 AMEnIMEH], REA R0
LPSIFE IR ELARDS, HALHI T AE 55 40 1 3 3 BE B DR . 40 I MAPKA!
NE-«BfF 5@ BTGk, M5 R . St o8 A oA 6 .
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[Abstract]
(LPS) induced acute respiratory distress syndrome (ARDS) in rats. Methods

Objective To investigate the effects and mechanism of short chain fatty acids (SCFAs) on lipopolysaccharide
Twenty male SD rats were randomly divided into
control group, model group, low-dose SCFAs group and high-dose SCFAs group (S each). Rats in control and model groups were
given normal saline, in low-dose SCFAs group were given sodium acetate 300 mg/kg, sodium propionate 100 mg/kg and sodium
butyrate 100 mg/kg, and in high-dose SCFAs were given sodium acetate 600 mg/kg, sodium propionate 200 mg/kg and sodium
butyrate 200 mg/kg by gavage for 7 days in advance. And then the rats in control group were perfused with normal saline, and in
the other 3 groups were perfused with LPS (S mg/kg) into trachea to establish ARDS model. The rats were sacrificed 12 hours after
modeling, and the arterial oxygen partial pressure (PaO,) and lung wet/dry weight ratio (W/D) were measured, and HE staining was
performed to observe the pathological changes of lung tissues. The concentrations of tumour necrosis factor (TNF)-«, interleukin
(IL)-6 and IL-10 in serum and bronchoalveolar lavage fluid (BALF) were detected by ELISA. Western blotting was used to detect
c-Jun N-terminal kinase (JNK), p-JNK, extracellular regulated protein kinases (ERK), p-ERK, p38 mitogen-activated protein kinase
(MAPK), p-p38 MAPK, nuclear factor kappa-B (NF-kB) p6S and p-NF-kB p6S protein expression in lung tissues. The expression
of tight junction protein ZO-1 and Occludin in colonic tissue were detected by immunohistochemistry. Results Compared with
control group, PaO, decreased, lung W/D and lung pathological injury score increased, the concentration of TNF-a and IL-6 in
serum and BALF significantly increased, and the concentration of IL-10 increased, the relative protein expressions of p-JNK/JNK,
p-ERK/ERK, p-p38 MAPK/p38 MAPK and p-NF-kB p65/NF-kB p6S in lung tissues significantly increased, while the relative
expression of ZO-1 and Occludin protein significantly decreased in colonic tissues in model group (P<0.05). Compared with model
group, PaO, increased, lung W/D and lung pathological injury score decreased, and TNF-«, IL-6 in serum and BALF decreased,
the concentration of IL-10 increased further, while the relative expressions of p-JNK/JNK, p-ERK/ERK, p-p38 MAPK/p38
MAPK and p-NF-kB p65/NF-kB p6S protein in lung tissue decreased, and the relative expression of tight junction protein ZO-1
and Occludin in colon tissue increased in low and high dose SCFAs groups (P<0.05). Compared with low-dose SCFAs group, the
indexes mentioned above in the high-dose SCFAs group improved more significantly (P<0.05). Conclusion SCFAs could regulate
immunity and inflammation, and effectively improved LPS-induced ARDS in rats, the mechanism might be related to enhancement
of intestinal barrier and inhibition of MAPK and NF-kB signaling pathway activation, thereby reducing the release of inflammatory
factors and increasing the production of anti-inflammatory factors.

[Key words] acute respiratory distress syndrome; lipopolysaccharide; short chain fatty acids; MAPK/NF-kB signaling
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MRYEFIMRE SC, 2PEMFIRH 38 25 G 1E (acute
respiratory distress syndrome, ARDS)J&—ff 2L
18 1 It 3 A A, T S I A 3 A e A i Y
. 25 Al 2O, 3 R
Ak AT R R AR A A 2 B R i
KARDS, WIEAEBRARAK . HMI . KR,
MedpdE . %, ARDSKHLHIE 2, H i E
Ui B WL N I ARD S AR JURE RAE , il PN 48 1 4
WAL, Bod Z RN, REREN TS
RAUEANMAR EAEN] . METE . 51 R R RAE
PHRSN . T3 ARRTE R, FEARDSHYJE R EAL
A7 A 3 R ) B e B N, il e 4R R If A PN
0B B iz W E R, DR ARDS 1R
HR R AR Y A R i 3T S 8 2 R AR
(fecal microbiota transplantation, FMT)?@?HE%%
(lipopolysaccharide, LPS)i5 32 ifhi i (acute
lung injury, ALI)KERBIAIZM, 55X AL,
BRI R B 18 A e & A W 2L, SRATEMT

105 M B B AR LA R A 0E 4 15 2] B
i fE i A TR A 3 ALT/ ARDS Y ELAR A AN
BLI AN . 45 AR T2 (short chain fatty acids,
SCFAs) & i 18 T A WU 7= A8 W o o ' R 2 1Y
R F=8 22—, BN RS2 5 e R E G0 8 1 45 1)
R, Ko zm., WER. TR e, ik
90%~95%, —=# LW k311", EA /DR ENA
WREGT T O . NIR . TR XTALI/ARD S A 1Y
M S ML, (H = Fp £ 2 SCFAs A FXTARDSH A
SEMA A AH 5T A0 D o ARG o B 18 N b 78 —Fh
SCFAs( LR FR: T 1R=3:1:1) X LPSi% T ARDS K
FUBTHISEAT T70, 451 SCFAsKTARDS Y §E i % Hn]

REAGPE LI .
1 MR5FE

1.1 EEEH LM IREZH. Ccmwm. N
MR . TN (EMESigmaly Al); R 3K 38 A
F (tumour necrosis factor, TNF)-a. HZ40is



%(interleukin, IL)-6 . IL - 105t B56 G 12 % ot S 46
(ELISA) Kl i 70 & (sS IR REAE D RHE A R STHEA
Fl) s c-JunZ FE K U B B (c-Jun N-terminal kinase,
JNK) . 4H 4N JE 15 8 T (extracellular regulated
protein kinases, ERK). p38%Z%4 )5 {b &% 11y iy
(mitogen-activated protein kinase, MAPK) . #[X
FkB(nuclear factor kappa-B, NF-kB) p65. Wifiz
fEJNK(p-JNK) . #EFRILERK(p-ERK) . iR 1kp3s8
MAPK(p-p38 MAPK) . 2 {LNF-«B p65(p-NF-kB
p6S) PR (L ECSTA ) s H Il - 3-8 i i =
filf (GAPDH) (¥ [E Abcam /A 1)) ; MIB/NTHE 1
(zonula occludens 1, ZO-1). M8 F(Occludin) Pt
& (S E Abcam /A ) o FHFIM AL (G2 EHESR 2
A); Eﬁ%%ﬁfﬁ%(ﬁﬁOlympusi&ﬁl); TifAR A
(G EFEBR R RBHE A R AT 5 HLUKASCRN % AL
(L FEBio-RadAH]) -

1.2 SLshY)  SPFHUNAFEIEMESD K20 H, 6~8
JiliE, KT (200 £20) g, WA U ERFR 2550 80
Y[BTRS . SYXK()11)2018-065], 1&
PRI 1. ARWFIE 40 S B R R 22 S0 s e 2
Z2 B E(201903-85), SEHG L FRAT A R R A LA
S S A FH AL E

1.3 SLE U MARDS KR AIFE K20 L AR
P BB AR R e X B BRI | KR i
SCFAsZH 5 I SCFAsA , H4Hs H . {54+ SCFAs
M7 LIREN300 mg/kg . NEREN100 mg/kg. T R
1100 mg/kgHATHE S , =M SCFASH 45 T LR
#1600 mg/kg. HNIREI200 mg/kg. T FR4H200 mg/kg
AT, XTHRAL . BEHRIZH Ay )45 TS AR FER K
W, Lk/d, #27d. TSGR G, B
U2 | IR SCEAsZL . 15 ] & SCFAsZH K i i
SAE INTETELPS (S mg/kg) HE AT ARDSAR A | Xif AR 4
KRAE TS A B K, BEAS 12 hRRIE K
SRR T HBOR o

1.3.1  KREShKi A s> E(Pao, ) Kl R sk
MRS BUE Fsh ki1 ml, TP i<
AP0, .

1.3.2  ELISAJL KM il ¥ K =2 <8 il 76 3 Uk
(BALE) " TNF-a . IL-6, IL-10A9¥REE B
Ji§ F 8 PkILS ml, 3000 r/minf.0>15 min, HU ¥,
T-70 COKFAIALFRFM o i) R UM R A i, &5
HAEMA MM, HisGREWEM/MAIE I
SR e, AR FRER K S mUw R MEVE3 M, % I
W RO R B RS T =70 COKFAATRM i 1g
ELIS AR M 12X 551 &0 158 W1 45 20 B A I 1L 7% S BALF
TNF-a, IL-6, IL-10f9¥EJE .

1.3.3 i/ TEELW/D)IE B 52 A4,
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TC IR IR AR T 3R T K 40 FMST , RS %5 i FEFR it
BEW), REBMALVE FURA NS 72 h e
2oEaliK, BFRE TED), iHHEwW/D, 1T
7K IR E

1.3.4  HEZY (0 % i 241 2955 38 AR £k I 147 il 453 473
WHEEPE Sy WU RS, T4%Z2 R P
flE24h, EHMK., AEME, HES pmbl A,
FPHEY (0 LS i 20 20 BRAE £k I 1547 i 45 43 4 BE
PEAY o MK B Murao®s P J7 sk HEAT IR 4, AR vE AN
T (1) Rk PR S 2) BAMIAE R ; (3)
F Y P 05 (4) )3 MR A R 5 (S) mivta iy
rhPERL AR . ARYE TCB (043) . BREE(147) .
HRE (243 B B (343 AT . B R ERBE L
BUSAS B ALY, AAS T0RE 43 SRR SF S A B
TGAE A 1 it 453 95 BT 53 o

1.3.5 Western blotting Kzl [ili ZH 2L JNK ., p-JNK,
ERK. p-ERK. p38 MAPK, p-p38 MAPK., NF-kB
p65. p-NE-«kB p6StR IR IE WA FIigigl, H
Five FIPBSER BE2~31K, Jm A ZHZLEE H 4 U 1)
A1, VK F24#, 4°C F12000r/minES.0>15 min,
WA B, HIBCAIEI E B AW E . LFEATSDS-
PAGEHLTK, FelE. #H, 251 AJNK(1:3000) .
p-JNK(1:500), ERK(1:3000), p-ERK(1:1000) .
p38 MAPK(1:3000). p-p38 MAPK(1:500) .
NF-kB p65(1:3000) . p-NF-kB p65(1:500) .
GAPDH(1:10 000)—#14 CHFE LR, W HIMA —Hi
(1:10000) IR E 1h, 2L, B, €, KK
A AT IEAERS, SR ] AlphaBaseFCE{Ab B R 58 71
B ) 250 i K FEAA

1.3.6 ALK I 25 i ] 4 K i R
Z0-1. Occludinfy ik KRB A mEEH W
J75 cmAb I EE AL EY, T 49 v dE I [
240, HMEARYI R, RENEZEK, PEBE .
PBSYEM, 3% H,O, =i H, MAZO-1(1:150).
Occludin(1:100)—#14 CHFF L%, W HIMA 4T
TAEW (1:200)37 C/KIE A T 30 min, DABH (7,
INAKE A%, WK, # R, FIEBEZOGRMHEE 0
ZLIFAME . {# HImage-Pro Plus 6.0 /F R G171
AT, R Y) A R BGAIES, IRl
SRR PLET PHAE G ) LU 6 % BEfE (10D) , HCF
PIEAE AR REARZO-1, Occludin A AH YT ik i .

1.4 Siitefab s RAISPSS 17.0%k 1 dEAT 4000
Bro IERS TR TR DaxsRon, 240
K Z Ty 2500, J5 2255 Wi — 2D R LR
FHLSD:, J7 22 55K i Dunnett's T3%: ., P<0.05
hESFAGIFE L
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2.1 HHAKBEPaO, MW/ DI SXFRA
B8, BRI K R PaO, W] i B[ (56.40 + 2.61) mmHg
vs. (81.80 +2.77) mmHg, P<0.05], fliw/D7Ft
7 (5.20 £ 0.11 vs. 4.23 £0.05, P<0.05); S
WA, K. & ESCFAs4l K PaO, i
[(64.80 +2.39) mmHg. (72.80+2.59) mmHg],
W/ DFFAR (4.79 + 0.04 . 4.60 = 0.03), H &&=
SCFEAsZlPaO, i T i SCEAs4, filiw /DK Tk
FIHESCFAsZ , 227 A Giit 5 X (P<0.05).

[

: VYT ¥
E1

R

HAHK
Flg.1

SUITZH 299 BARfL (HE x 200)

Pathological changes of lung tissue in each group of rats

2.2 4K UM ZH 26 B2 A8 A K it A5 405 0 B D
rieir HER @SR IR, Xt B AL 45 4 o2
B JCHH B R PRI . Fea . K kg
JREE 5 AR 2 Al 25 R DR o, i ] e P
RO Wi, mr UL . KB, DS B Y Ok
R AR . SRR A, K. S E
SCFAs T T I il 40 45 R B IR s, i [ g 1 2
WL KRS, TR IR T I B, HE
|4 SCEA s ZH 45 (I 57 Fk SCFA s ZH fii £H £ 5 P i 3% 0
A (K1),

0 MR P, AR A il 458 3 s BT T

A XTHEAL; BBAIZ; C K SCFASA ; D. 5l s SCEAsZH

[(10.09 +0.54) %> vs. (2.33 £ 0.42)%, P<0.05]; 5
FERIZE oA, I = 75 2 SCRASEH Jili 45t 475 9 B PF- 43
FEA[(7.40 £ 0.92) 43, (4.47 £0.31)%r], HmilE
SCFAsH il i £3 955 #L P 43-(% TR R SCFAs 2, 2
SWE G R L (P<0.0S) .

2.3 HFAHAKRRMALIPINK, p-JNK. ERK,
p-ERK . p38 MAPK, p-p38 MAPK, NF-kB p65Fi
p-NF-kB p6SH FIFHX Rk HLEL  Western blotting
R 25 R WoR, 5 XTI R, AR AR A R R
M4 Hp-JNK/JNK . p-ERK/ERK. p-p38 MAPK/
p38 MAPKFIp-NF-kB p6S/NF-kB p6s UK 4 W] i
95 (P<0.05) ;s SR A, K. il SCFAs
HAR BG4 LU p-JNK/JNK ., p-ERK/ERK, p-p38
MAPK/p38 MAPKfllp-NF-kB p65/NF-kB p65 L {H
FEAR, H =7 SCFAsAL iR & 8 bR K TG0 i
SCFAsdl, ZRAGIE L (P<0.05, K2).

2.4 KA KRN MBALEFPTNF-a, IL-6. IL-10

WHE LA ELISAYERINZS SR o, SXHRd
&, RO R BN &2 BALFFFTNF-a, IL-6. IL-10
WHEW R TR (P<0.05) ;s SHIRIA AL, k. i
HESCFAsA K LI 7§ &2 BALFHFTNF-« . IL-63¢ )& I
WRRE, IL-10WEEdE— T, Hs i SCFAs4
K ELIMIE X BALFHP TNF-« . IL-63 I TR &
SCFAsZl, IL-10% i TR SCFAs4], 2573
Y% X (P<0.05, #1).

2.5 HAKREGHALN P EHEREEHZO-1,
Occludinfi Xt F ik b A b2 & o r
R ER, SXTHAR, B4 KR A
A 70-1, Occludinfg A X 2 A & B 2 B A%
(P<0.05); SEIAIAI LA, K. i SCFAsZAL K
A A A HZ0-1. Occludindk AR XF 26 ik 17 4
B, HE I SCFRAsY FiR & H8 bR/ TR i
SCFAs#l, ZRFAGit=E L (P<0.05, K3).

1 BHEKRRMEE ZBALEFTNE-a, IL-6., IL-10%E L5 (pg/ml, X+s, n=3)

Tab.1 Comparison of the concentrations of TNF-a, IL-6 and IL-10 in serum and BALF of rats in each group (pg/ml, x+s, n=3)
3 BALF

21 5

TNEF-a IL-6 IL-10 TNF-a IL-6 IL-10
Xt 2L 30.06 + 4.12 25.06 +2.29 12.91 +3.55 18.73 £ 4.03 10.27 £2.29 5.66 + 1.58
T2 12327 £10.61Y 9891 +14.10"  26.15+6.27" 69.51 + 3.10"" 53.09 + 2.98" 13.49 + 2.85%
fFIEESCFAs4]  79.53 +8.13®  77.81 £5.34® 5427 +83300® 5544630 4314 x3.0707 24.90 = 3.94%
ERIESCFAsZH  39.68 +4.23P% 3859 £4.997 74212342000 2398 +2.837 1876 +3.99MP 3359 41.5P®

BALF. S NI MEVETR ; TNF-o. FIREIRSEA F-5 1L-6. (AL 2E-65 1L-10. FAAMIEA K -10; SCFAs. JHER IR ; 5% HE4L
Fie, (1)P<0.05; SHERIZH L, (2)P<0.05; SLHIHESCFAsZL HL#, (3)P<0.0S
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B2 A KEMEZHPINK, p-JNK, ERK, p-ERK, p38 MAPK. p-p38 MAPK. NE-kB p65Hlp-NF-«kB p657E [ A1 x| #
KA A (n=3)
Flg.2 Comparison of the relative expression levels of JNK, p-JNK, ERK, p-ERK, p38 MAPK, p-p38 MAPK, NF-kB p65 and p-NF-«kB
p6S protein in lung tissues of rats in each group (n=3)

INK. c-JunZU SRS HAE ; ERK. A HISMA Y (e MAPK. 2250050 2E (1 NF-B. 2 M F«B; SCFAs. NI ;
A. Western blotting# il [ilfi 4141 1 JNK . pJNK, ERK. p-ERK. p38 MAPK, p-p38 MAPKZE [1HIX #ik#t; B. Western blotting: il fifi 2

ZIHNF-kB p6S. p-NF-kB p6SH HAIXI & A SXTIRALILEL, (1)P<0.05; SHIAIA LA, (2)P<0.05; SEHIHESCRAALILEL,

(3)P<0.05

- s COVID-19) Kitf7 FEARDS I F 1 £, (H H ik
it p

SCFAsJZ 17 18 T A= Wy i B AT My A5 B
ArFP, 32 i T T T A TS T W A T
B, MR 1~6 R I A AR DR -
SCFAs ] il e A 4 T g A= R RGP L 9149 i 1 5
BRI fg, AR B ey I 0 i G R A 25 R S0
RN, ks aeh Z R ALH A T, AR E N L
L AL (histone deacetylase, HDAC)#IH| . GHH
i B =7 ﬁi(G protein-coupled receptor, GPCR)T,:.?
& 34510 ARDS (1 = 22 A9 HL i S 41 i PR 7 XU
S A A B PR S S, R 3R R SE R S
[= ﬁﬁ%ﬁﬂﬁ’{ﬁﬁ%ﬂﬂfk(coronwuus disease 2019,

ZHBINYRAIT FB . Bt &8, COVID-19
BB SCRAs T W I FRAL, HH& R 5%
R 1 IR N o P e o e R 11 ST
WE—2 W T SCRAs 5 H 9% M I IE A 56
MAPK{E 5 B Al gk LS . A 48 M N 1 25 3%
T, TEJORE RN AT R R AR,
JNK. p38 MAPK, ERKFIERKSZ A4, HH
T =58 5 RAEMYIAEE, BERR A5 T8 T iif
FEPNIE P, S 5 A0 A R R R P PR (A
TNF-a, IL-1, IL-6. IL-8%5)AURsiL, 1EJH#EARDS
AL P A R E AR NE-«BIE 5
(PTG 5 A RE BN 1 i B %% DD AH G, 2 RRE 1y v
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B3 HHKREHHA D EHEBEEZ0-1. Occludinfi %l Fik i L (THC x 200, n=3)
Flg.3 Comparison of the relative expression levels of tight junction protein ZO-1 and Occludin in colon tissue of rats in each group

(IHC x 200, n=3)
ZO-1. B/ 115 Occludin. MBI 1 ; SCFAs. BIHENGINR ; SXTHRAIILEL, (1)P<0.05; SHAILIHLEL, (2)P<0.05; SHLH
TESCFAsHL L3, (3)P<0.05

DAY, TEANELPS . AR . TEMEE (ROS) . &, WIS 5 F0RE . RIE. I MET-MY
ML T, LAKIRREDNA . RNAMERIGAE S SRR, 452 rE 7 (-1,
T, NE-«BBEMALIT R ER S0, SHFEJHDNALZS  IL-6. TNF-o%F). ik F MG T250,
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K N F-k BAF 5 18 6 76 40 i PR 1 U3 % A ol 56
BEVER, g0 T KRB A R S | I ARD S I H
BRI, R, S IR S 0T BB £ ARDSIH
HRGRITHS . AR, SCRAsXT G 41 At Fn
PN B 200 i Y N F-k B I Ak FIMAPK A 538 & A7 8 35
PERIYS, I 1 TL - 1025 i 1fF Jay 34 1 42 B Y0 R I
B SCRAs & AT 4V FI 043 Jeall 1o 3 1 55 %% i
PR ARk g R g b BE T RE, dEimiBH 1L
Jis N I T A IR PR S B 5 T i o B 2 4t
AIBE S BB AR SR, R T K E R
i, NEEARDS M 4 B 980 W 55

AWFIE R, PR KRS Fp-JNK/
JNK. p-ERK/ERK, p-p38 MAPK/p38 MAPKFIp-NF-kB
p65/NF-kB p6SHUE I i 715, MAPKFINE-kBf
A BRI, MR R FTNF-a, IL-6¥K & T
[ &5 O N EE A sp s A s IS =T Yo
FEAI%, Miw/ DI, (R0 A I 45 s 2 21 rp R 9% 3%
FEHEMZ0-1, Occludin® ik, $#E/RARDSK R
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