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Gut microbiota in gastrointestinal inflammatory response
after spinal cord injury: a review
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Abstract: There is no way to reverse spinal cord injury. In the case of spinal cord injury,
patients always suffer from gastrointestinal dysfunction which impacts the quality of life. It has
been reported that gut microbiota disorder after spinal cord injury is connected to the
gastrointestinal dysfunction. Thus, this paper mainly explored the role of gut microbiota in
vagus nerve system, hypothalamic-pituitary-adrenal axis and gut microbiota metabolites three
pathways, and the relationship with gut inflammatory through gut microbiota changes after

I H : ER A RE#IE4:(81760235)

This work was supported by the National Natural Science Foundation of China (81760235).
*Corresponding author. E-mail: yangyanling8889@163.com

Received: 2022-05-18; Accepted: 2022-08-11; Published online: 2022-09-28



710 (GRS

Microbiol. China

spinal cord injury.

Keywords: spinal cord injury (SCI); gut microbiota; microbiota-gut-brain axis; gastrointestinal

inflammatory

647 (spinal cord injury, SCI)J&—F&%
KRB s, 3 s 5 7 1 DL T i
Bl SR A FE YRR, T S R Y
S U S T B AR, 45 FE SR Lk 2 ol ™
wGE, BRI ICA G R A
Wi, 27%—62%W i H & M BLEs i ez b |
(AR FNHEZS B ) 25 4 55 i 1 DI R s, Al BB 2y
TN #h2 D RE AT O, SR, BRI KR ST
A T fE A BRI A A BELR 1), SE TR
1405 52 0 T T AL i A 8 i A A
SRR, B REIUS S 7 AR B AE W LUK A
AR IO, DA g i ) AR BR O RES . a4
K, 3 TR R AT ST TR AR 28 R e Y — A
R, B R PR BB I 1 1 TR R 2R LA S
T8 g Sy IR SN Rk, AR T
TH TR B BE 0 5 W 1 S RE SO A AL
il S HR A AR E T, DU A 5 R dT
T BER 1 IR A ST N2 & B AR

1 EEHRREDN-FE-K
1

i 1 TR — 2 B T S e AR
At R S L M AN i 2y
10:1, HIEL R R L2 NREEF AL 100 £51514,
W B AE W AETT K B AR
(Firmicutes) MHIAT 1 | ] (Bacteroidetes)'™, %1t
R HE N AT T A B 2208 1 7 A an J B s D e
(short chain fatty acids, SCFA)AACH =4, Hr
TR de FE A SCFANY, ah, i
Y& szt FAEBRRVE 2 00, A A E IR
PR gz RGN KB MU e

VT R 2R RS IE T K E AV R R
mﬂ_‘ju [19-21] 5

% -ivi % (gut-brain axis, GBA)i F# J& 48 HHiX
25 2 45 (central nervous system, CNS)FIfz 1 £8
Z 5t (enteric nervous system, ENS)Z [A] 14 A% 4] i
T, T R R R =z 1] AR ELAE
RAETEEAEH, WIS T EY -1 - %
(microbiota-gut-brain, MGB)#lJ#E&>, Bl CNS
i B F M4 &R 4L (autonomic nervous  system,
ANS). N Fefii-TEA- 5 i (hypothalamus-pituitary-
adrenal, HPA) I R 48817 B 7 8 1 D e Fn
SR, ARG E B REEYE . BmiEiEsh . B
B WS P RN i 1B TR R AT, RIS, B
SRR RY S BUN AT SrOIA): I 25 D=
TR o e ek A B i K i T R AN o B

MGB Sl K Hili BB 8 52 el 7 18 27 RE A8 44
FITE B, R T X 48 R G AN B I 2 B A E
Spi P, B REMIS AN 2 AT 2 BB IR
T3 ENS JEPERAE, AT R O R Kk
JV 1 2 5] AP 22 A e S 40, B0 I e R
BB, 245 i o B & AR SR LIS i 8 o B 1 R 37
L, RS R AL R R B T g 2ok W b B 2 Ak A
MG, A LB BE B A RS 8 e 2 <fals
55>, s E VLN Toll 524K 4 (Toll-like
receptors 4, TLR4)F Toll #£3Z{K 2 (Toll-like
receptors 2, TLR2), f8i/]N i Joit 20 Jit0 A 52 2 Jie Joie 4
LG A, J000 N e S5 4 A 1) A 4 A A Y M1 A
SN O A N T (T R ) L BB 7 N A S B
(tumor necrosis factor-alpha, TNF-a)., 4% 1P
(interleukin-1B, IL-1B)Fl— %A1k & & ¥ (inducible
nitric oxide synthase, iNOS)E{(E 4 K F 1y ik,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



il

e B AR BRI 5 B I SRR S R R Ut 711

T E 4 B 9 S 27 o, y-2 38 TR
M3 2R | 2 L e R B R I R 55 25 v 283 Jo A
2R T 0 A R A M A2 R 22 1]
R RS v W = A i N R NS NP A4
B 20 LA i 2 A DG Ik EL 1 4 (gt associated
lymphoid tissue, GALT)PN , & 14515 5 (1 738
BRI AF 2 18] RTS8 i A DG Ik B2 2 v 1 86 i
A, R 4 B R RN RAEDY R
FEFW, 10 T A DA ST A 19 25 2 TR R ik )
RE IR 17 22 5 M8 T 2L P (3 02, it
A, A - - i %) ) B R 8 2 V0 I SR G
BERS, WHMAR . R MM AIE . RIEME
YL ERY S R EE

- REA A e LI B M b 2 R g
Wz —, HEMICH SRR k. MR ER,
A RERE ARE , S M IE I REE S BER
FE 1%, f2 52 0 B 10 0 B 38 A6 335 Joi & 1y ™ o
)RR, R, AR AT R A R B
T RERIIRE e T2 shohRE R E PY, Mk,
3 N7 AR - - i el R R L 4 2 ] £ A AR
R, MREESENERAAEEZE L,

2 AHMRGEREEAHN AW

J173 3 AR R T A R N 2 R R T A
SR, AR R IR E R R AE msh 155
I R Gk R P, a5 S a g k4
B KL . W iE s B RS O AR, WA sl
S i 1 T A W A 8 = BE N2 R R AR e R e
BT 2 0, XA TEA R YR Z 8 354
LN

flan, Kigerl P52 R, HREH /N B
52 0 ui A0 F BT B 1] AR SR 1) (Anaerobic
bacteria) 3 Z , T JE BE G ] T B2 M
(Butyricimonas)Ji/V> . Doelman Z5P"E Jt 3 /)N
RURG A BEA O AR iR T I B A A A, Kk

P BB S M AR T TR I RN 0 e 0 R R S R
HERH FEvs /b, TAUAT B 1] . SR RE TR [ AR e 4
(Spirochete) P28, Bazzocchi Z508%t 100 4%
REHL B A B R T A R B,
a3 W TE U MR b 5 RAEME B AT Y
1 18 TR HE RS 22, 104 2l B MY TR (Pseudomonas
aeruginosa) B it D\ 0.5% 48 £ 3.8%; I ERE
(Enterococcus) 505 M\ 0.03%3H8E = 6.30%; FLATE
(Lactobacillus)BUE N 0.2%I8 & 2.5%; HEERHE
(Streptococcus) B M 0.6%3E 2 5.4% ; H i &
(Methanobacteriaceae) 12 M 0.002%3E 2 0.300%;
[T 18 (Enterobacteriaceae) 8 #1345 FC 2 HOAT 14
(Verrucomicrobiaceae) 5w /A 0.5%F1 0.4%31
£ 8.3%F 7.2%; 185K [KE (Prevotellaceae) .
W W Bl (Clostridiaceae) F 7= A= k6 5k g i BR 1) P
B ) (Ruminococcaceae) i 43 BN 12.6% .
1.0%F1 23.6% FIFEZE 0.7%. 0.6%F1 23.6%, iX
SEAR AR AT B -5 A 1 5 e AR Y AR )
AEIG, DA Rl 15 5 A AR &2 7 A 5
O’Connor 45"t Fi g B B 163 475 K FURR Y
FAE DI P 5T T 845 7 d KB I B ik
YIX RBEAL, R A, SXTIRAML, H4
1 K B iE N W g L FF B (Lactobacillus
intestinalis) . YR FCPE R IR ZF AT T8 (Clostridium
disporicum) Fl xS (Bifidobacterium
choerinum) P4 251N, 73BN 41.7%.1.2%
F10.961%1H 2 43.8% . 19.3%F1 12.5%; TiHH%E
K (Clostridium saccharogumia) W) 5 & W) i 3%
W, N 10.7%080 % 1.2%. WF5EFRI, U
TR AT A 5000 il A 18 35005 T B AR K, B BE 0
Je BB AT R A5 119 J 5 15 I ] e 23 A i J 4 1
WA AL, i RRR ZE R TR T (gAY
W B TEAE AN 5 A, X T HEIR ZE AT R Y
WAL, HRAITE R, TEw % RS
[ E D RE AT B I RUE Y X R, B TR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



712 Tl A 2 AR

Microbiol. China

AP AN, X5 O’ Connor ZE 77 2%
AHXS L, {H2 H RIS AN 1 2 HOIR ZF AT I 7 2R
e i R BARE RS 5 FiRTHer i
FRLATEAH S, W B K G A R0 ) 2 W b
0, TTESIIRIN , BHEEIRR B AT LUK ) AR
B A R T B F0O 10055 {a B 1 A
EPErF——W R, TRtk , B0 )5 W 1E b
SEER A AU AR AT RE XS LA P A A R

Yu SEREAG 45 ZAFRERIEE S 24 £
BB R, SRR, A RS
100 B3 I IR TR (Actinomycetes) . TR ]
(Synergistetes) . FUFFEA . BORZFHAT B B3
R R B Sutterella) B 5 &4, TS, &
# (Cyanobacteria) 7L JE ¥ B (Proteobacteria) F-
JE W E AR, XA RE R ik . BRI,
HATH . BN (Eubacterium) . BRZE AT A
IR ER R TE 2 1 1 N PR B R E Jy T R O B
VEF ; [RIESE, BB 1 8 35 i 1 PN AR T AT 77 ) ik
D RNIZHTE R BB RS A NGRS
RIEHR AP AHDC I 2= [CBAPE 0 A, 7T RE 55
B )5 B RAE SR AR M, 541, Jing F M
{52 A0 /N SRS AR BB R /N B, &
PSR RS ARG YT AT LASGE i 18 AR P 2 A 3
TR, R AAE, IR 220
RE R0 I G i 2 A

i bRTiR, TE R AR R TR R
P45 1 500 114 o 22 400 3 I L W T A X
R ARG Z BITCR IR R B2 EMAEY)
X &R 585 5 4k K VA0 A B I R IE Z IR AE—
SRR OGHE . BRIEREANY, i iE A W
FHEIRE L T HA Y KAESEN , &
THUEE 1 DX 3R AT LS e R 8 5 4 3 B X 28 3R
gt, MIecB1s EEL TR, Hitk, Wi
A= W HE T T A R A ) RE R A 1 1A T
BREHE,

3 PEwEHARIART AR E
BHAGEEMERENK &
R

TR AN RES | K M 18 BRI A A A
Wi B E SO E BIE A EMER
T BRP AT R T S i A
g S EER, FECE RS E I 1E R IE
i A, HE I 2 R 43 I 1 e S RE DO
T A R R Y T RE DR A . B RER e ™
Y A LI Re AT S0 2 IR T e
B A S48 iy ot s ) i D 55 s B 1Y M 3 R ARE
B, DA 5 3 B TR AR A
AR, X RO S a5 I R B AR, AT 52
M BE 1 fe M D Re B = (1 1), B R
FEE L LUN LR XS e B sE i 00 5 B e
RAEW) KK e (F 2),
3.1 EEME

e I Z R EEMPUATIRE B
3l 7t AR 2 A A A 28 SIS, LS 5 AL
MRS IHEDE | AEAF . BRI FHEZS OG0, A
PSS R AT LA 36 Ao 0 i A 28 1) R A
5, Mk zimhlnt, B G shiss,
i #2250 % i N LR 2R A SR B A RO v
i, IHSEBIHEMAESEAUED, Wik, #
B4 10 J 1 B TR A 7 AR TSR T, g
BERRWIMR . -2 TR . SN S5 ] LAFE M
T B Z WA ST A ROG oE M2,
it CNS ThRgr=A:A s /E AP, [, kA
1 18 1 2 A P28 e LAY 2, 156 AR Ak 37 14
o7 AL Ty 5 K pi R S s, i H ARSIk
45 2 (cholecystokinin, CCK)., & B R AR 1
(glucagon-like peptide 1, GLP-1)F1 5-%% {4 i
(5-hydroxytryptamine, 5-HT)%5 % 4y 5 P10,
AT AT o) FRAR R T A B A 28 T I Bl o AHOCA 5T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



cl
&
&
=¥
B
oH
B
m
&
=
=
)
il
&
(zf
&
B
X
=
-+
&
=3
=F
&
|

713

Spinal |
nerve

Mesenteric - g
ganglion

Before SCI
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Figure 1

Gut microbiota imbalance after SCI. After SCI, there is an autonomic nervous imbalance (celiac

ganglion) in the gastrointestinal tract. This imbalance disrupts homeostasis and control of the mesenteric
ganglion that innervates the gastrointestinal tract, resulting in ectopia of the intestinal flora and reduced

function of the blood-brain barrier.

R, 1Mk SR LA T 2 S BRI
M2 I0H c-Fos 63k W& N7, i ek ok ph
VI )/ N A AR R AR T, XA 7 e
UE T A 25 AL 5 300 7 38 )= 0 S e AT DB oK
R,

32 TER-EH-BLR

HPA 2 — AT 8 bl 2 I 40 W R 4L

AT PR SR I R S Y R G
i 3T A WA A R R B I R R i R
(corticotropinreleasing factor, CRF), HllJIE{A b
125 - JIf B 5 84 2% (adrenocorticotropic hormone,
ACTH), M-8Rz s B B IRl , ik
M fg T i 2 LA i i 45 o250 AR 1 )5
TE R A el A AT DAOG HPA B, (45 Kz sk
B Jo i DA T R o R 38 it v, T S U

TE I 7 VUL TR 20 AR 1 i T A LAt 2
ML ik A, B3 TLR-4 S5 50E K+
AYIECNE |« I 57 % (blood-brain barrier, BBB) il
IR LU 5500 Ak, 9% HPA Hilis
PR IS B S OB R A AR, 2R
R eV RO R - P S EP ST he
Y e S 20 HPA B s EeY, 5H:
AHR A2, S0 A 1 BRI — S A3 4
SCFA 1] LAV 55 HPA il 5 i
33 BEEHEKHD

SCFA & H AT B3 12 1 i 18 s A
Wz —, KT, CERFHNERZ SCFA H1ih 3=
S, B AT R AR I b A I R A TR R S AT
TEBIBK AL AP A0 T RR A S R R
A 2H 2 2 S WA (histone  deacetylase,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



714 Tl A 2 AR

Microbiol. China

Hy_pothalamus

v \
Pytuitary @

|

Adrenal
cortex

Gut hormone

Myocyte
——

Cytokine
) =

Enteric

j ‘ neurons

CRF
Histamine

%%,

Immunocyte

(S e 7r}f3|OI0[0r‘|OI‘{OI0|o|oro|o|o[wlmesﬁnal
N epithelium
Neurotransmitter -
- \ \ 2 o &N
\ sz [e) 5 = /\’
Gut microbiota / ®goe o %%% - o am
g - -
SCFA Gut microbiota

2 BERFBEEERGEEMEXRENRELRR WiEREY 3 faRieHE g sEsits E

TR I K K SR

Figure 2 Regulation of gut microbiota on the occurrence and development of gastrointestinal inflammation
after SCI. Gut microbiota regulates the development of gastrointestinal inflammation after spinal cord injury

in three ways.
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