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Abstract

Objective To explore the mechanism of the gut microbiota-brain-skin axis in postherpetic neuralgia (PHN), and to evaluate the
intervention effect of regulating the gut microbiota on PHN. Methods: Forty SPF-grade SD rats were randomly divided into the
control group, the model group, the probiotic intervention group and the short-chain fatty acid (SCFA) intervention group, with
10 rats in each group. The PHN models were established in the model group and the intervention group through skin injection of
varicella-zoster virus (VZV). The intervention group was respectively given probiotics (bifidobacterium + lactic acid bacteria)
and SCFA (sodium acetate + sodium propionate + sodium butyrate) by gavage. The changes in mechanical pain threshold, thermal
pain threshold, serum inflammatory factor levels, intestinal flora structure and skin barrier function of rats in each group were
detected. Results: The mechanical pain threshold and thermal pain threshold of rats in the model group were significantly decreased
(P<0.05), the levels of serum TNF-a and IL-1B were increased (P<0.05), the diversity of intestinal flora decreased, the proportion of
Bacteroidetes decreased and the proportion of firmicutes increased (P<0.05), and the skin barrier function was impaired. Probiotics
and SCFA intervention can significantly improve pain behavioral indicators (P<0.05), reduce the levels of inflammatory factors,
restore the balance of intestinal flora, and improve skin barrier function. Conclusion: The gut microbiota - brain-skin axis plays an
important role in the pathogenesis of PHN. Regulating the gut microbiota and supplementing SCFA can alleviate the symptoms of
PHN by inhibiting inflammatory responses and repairing barrier function.

Keywords
Gut microbiota - Brain-skin axis Postherpetic neuralgia Probiotics; Short-chain fatty acids Pain model

EE A - I - KA REZ EHEmE P RIERILE

BXEEAH

HIEEEAANRER, HE - G 78T 810000

W OE

BaY: R E Al ks T RS G AP 298 (PHN ) Py ERALE, JFiR4&A Y il § BT PHN® TR, 7
i&: K40 A SPFASD K RMALy 2t L, AL, # 4 W Tiafsasd i (SCFA) T, H4107, HEAAR T

TR R R KB - RE SR A (VZV) EZPHNAER , FRAS AL TEAE (B E+ILIRE ) #2SCFA (T
BRAN+ R BN+ TERS ) . A 20K AR A B . #om B, oiFd EER-FRF. i AL MBI FRE T,
GER . A A K FAARRE B Ao R B K (P<0.05) , fiEFTNF-« ., IL-1B KFHE (P<0.05) , Mmid AR SHET
B, WATHE TR AR, BAEE IS (P<0.05) , HBEAEHELI, H 4B ASCFAT TR XK &L BT H 5
AR (P<0.05) , BARKEREFARFE, REMERAFTH, RERKRFED R, GiS: il b BN Bk 4 £ PHNZ R 7 K45
ERAER, AN M iE AR AN L SCFA Tl i 4 ) K e RO | 15 555 2 4 2% FEPHNE K |

ES 5|
Wi AR A, RAS G ZR, AW, BMSR, AR

13]% FERKSERE , SRR BRI, MR R .

AR R A - ARSI (varicella - zoster 1 e whett PIIEIRE - I - RACRIORES, 2R
virus, VZV ) BTGS2 R e v, (T PEERHEBIARES, S WAV S TR,
VZV BB G R A B s i oo RS R SRS RS RUSRERT, A
T, BRI, Rt VIR - i - RPRRISEED SIME TN, AT
£ PHN AE OV FIR 2., D RAEITBIGRR F
35935

[fEEBT] BEE (199%6-) , &, PES/ETA, &
B, PIh, MBHERRHEEIMNMAR.

27



TMIGERESZE - £09% - $ 018 - 2026 £01 A

2 MRt 5 A*E
21 LW 554A

1EHY 40 I SPF 2% SD AR, {AEE N 200 £20g, #RHEHL
RNy BN BAZE PR . S5AR R T-1ZH . SCFA T-1iid,
2HA 10 H,
2.2 PHN #&BIZET

PRV ST KR T G NEA VZV R
T, T R 2R TR R ) 5 1 R ) AR FE R K
2.3 THt&hE

AT : RS S T IS EAFLEREE
REER, E8214 K,

SCFA T4l : G—HIHTZBRMN. WERTN. T ERTNE
Eie (S WBKREE S 100mmol/L ) FURER , Y47 14 K.

S HRZAAARAIA S SE A TR ER K B R
2.4 iNIERS AL

PIBIT AR 5 BIE LG AT DRI R R
BIZE 3. 7. 14 FMEH MR .

I 7F 78 i BBl F- 4 . R A ELISA 2 I %E TNF-« |
IL-1B /K,

WE R EE T 16S rRNA il sl PR S e s
FaAZz

[z Ik B Lh RERe -
SR
3.1 ERITAET

5xp At Er, A AR B S RIR R T E R

(P<0.05) ; SiAUAAMLER, TIRAFEEHSES 7. 14 TEE

FIETZEE (P<0.05) .

LR mSe (TEWL ) U,

& 1 BAKXBARRE SRR SHREHLER ( +s,n=10)

e U] MU (g) YR (s)

POy EEE JEAEEHIT 15.6+1.2 125408
BEIRR TR 154+1.0 12340.7

S 14 K 155+ 1.1 12.4+0.9

FRAUEH fE A 157413 12.6+0.8
[Es IENIPN 8.2+0.9 8.1+0.6

S 14 K 7.940.8 7.8+0.7

AT fEe A} 15612 125+0.8
RIS 7R 105+ 1.0 9.6+0.7

TS 14 K 128+ 1.1 10.9+0.8

SCFA ~FiiZH fE s | 157413 126 0.8
S 7R 112+1.0 9.9+0.7

IS 14 R 131412 112409

3.2 MiEFRE EFKF

EYIBANE:, BRAH TNF-« . IL-1 8 KRB ET 5
(P<0.05) ; Sz, FHEH 250 R TR BB TE I
(P<0.05) .

R 2 BEXREER 14 RILERERFKFELLE ( £5,n=10)

285 TNF- o (pg/mL) IL-1B (pg/mL)
X2 123+1.5 8.6+ 1.0
TERIZH 458+32 325+2.1

e A2 T A 26.4+2.5 19.8+1.8
SCFA iz 247423 186+ 1.6

3.3 B EAFEAEL

SxiRAreEr, SREMANAE PR EREIR, EEE
IR E P EET S (P<0.05) 5 THHER-E
PEL IR

RIFERRERE 14 RIFERBFETETKEENFEELLE (%, £5,n=10)

ZH5 fUFFEE] (Bacteroidetes) JEEEES ] (Firmicutes) JAZREE] T (Actinobacteria) AFJEEE] ] (Proteobacteria)
poiEeE] 452+3.1 40.1+2.8 85+1.2 43+0.8
TR 326+2.5 52.4+3.0 7.8+1.0 72+1.1
e A= b T 39.8+2.8 445+29 8.6+12 5.1+09
SCFA ¥4 412+3.0 438+2.7 87+1.1 49+0.8
4 g IRt ARG, (e AREE AN/ N RIS 2R R Ani

4.1 BRRERRREN SINFWMER IG5 hiREL
4.1.1 Phih H RE & BT B 91 B S KR RS
EWBERT, WEmesn W - aEm” Svike
TELHREHETURER, R A 2 (AT . U
B ) AIGERS4N SCRAs . M EHWIR, HshmiEsiiis?
BERIEE, $RTHE R RS ERE, I BRI R
FHISYUL, ARG H A
4.1.2 Fpif T BRiB AL By A A - T4 ) P AR AL
A B RS T R B4 SR R e R R, 4
FBEIRSER T - o . AIENE - 18 XBRAFET, B
EBIIREERE (A RERASE N BB ) BEA

28

WlE B BiE e e A e Sk E S RS
B R KN, W RIS AR S D e 2 I A B S Rt
TR dnE B A S nE R g e ania sy
WIS 2 (5 -z, 5-HT) 808, R =1ES
FRADCHEES A S8 L e S P B R AR i, F/ KO Rk
KRR S S IERRE A %, IIERRET.
42 MR ESESEEEERERBRANSHWER
hieE
4.2.1 %AV ZBHR AR BRI G4k

R R E A RN R A e RO e, H
AT e R eTEE T, T B S pE R S A



TMIGERESZE - £09% - $ 018 - 2026 £01 A

PR R, HE EARE SR KK, 4 PHN 1, 2475
BRI, A BRI S SR E R A R R
P—PINEE, WIERE L RS, £5 kit
ZHTE SRR, A, XIS
SRS SRS SR, REERT TG ES,
4.2.2 F-HiAh 28 KA IEI A Ay 2B BIS A
BHEVEAEESNFR S RS A G0 R SR A,
BHEE AR ES BRI, S EPEREEE -
ibg - Rz kBT ONE SR G SIE B W EELER . WEmht
AT B T e 7 AR O S S 5 ] 2 FR I IS PR A B8
(R F 0/ N T i 5 TR TR AL, X Eesmif
AMAE BRI R AARVE R, 1 ELASAS I e
EFRAT (xRS IR T, BDNF) S{e 2H T,
SN IR G S1EE R TR .
423 FIkAN 22 - il BA-F Bk SR B BRI 5T
FZ BRI 78 0 R IR AL AR, X LB as AR A EE
Wi SN, TREER R I AR (S S th B 1%
BRI RS, SERBNRAIERE, BEmEfatE
FIRERS [ R (Fbin LPS ) RO REsy, DX Eu i
Yyt ARG N R R e, PR e R s
FAEHIPEEEACE, LR BRI OSSR, St
T AR GRS R Sh 9 G ) PN 2 Gty el s 7 2 4
R R RE RN, (R RIS, B 2 M R A
T, FEBR R 24 - JOAEDDNR] - R NLE TR,
AR PHN B2 H BN R
4.3 KigF=PN S mER R~ wHEEIER
4.3.1 Fa4k g B BR 0 3 K 5 A0 B4R IR )
SCFAs A& )2 Mg N AT 2834 RE, 2280 PHN
HIFN BT 157 5 iR B L, SCFAs mI1E 4 [5E gk amit
REEANG, B DERIESREEE TIE, BIMaEmE
B, BOMERTEMEAR R T A MEIER A%, #Hif
SR SRR RER N Y, SCFAs i Al M ik iRt
AL 2, HEINSEN T A M B B 48 TT 5 e 4
fitw, SCElfES R ThEE .
4.3.2 Ppia W B = 4 K A m B PHN 3 &
FIGEE BRI E, SCFAs XA 255
YIRS, ARG INE . v E XSG FRETT=m
SRS, XU S B AR RE - X - R
i PHN & EHERE, — BB ER PR S B BIR,
BFEHEEZ SEECEN e L, FeETE
ZFEME, BB AR AT (OB SR A,
TMINEMSG; b E R BES i Bhil g EI A A P X s
AL, (RSB AR TR L, B HREEInGE, wag
PRSI
44 RIEREE TR RIERIE S B RER I EEE
4.4.1 PpiE B A5 4% m B B B A8 3R 5 A 2 45 4%
HZ BT, BTSN RIEIIRE N, )

ERFFIRRSHATEL, AERAREIGIN TR SRR

K2t iz b 4ale 2 (R B e, S REmiE

HWota, MEbEe . HipEbREtE, % LPS

ZRIHEF RSS2 NMRIEIA RS, B

TRIEFMIRIA R BRZHZR, (RIS Bk AU RN . ik A ki

() TLR4 RS G, MERIEES®E, SR REF7D

Wwh, MRk BEER SRR, SR BB, Rk

FRIEE R . BB HIR DA, ShFRRE (AR

H RIS S SN A R, SR

FSHISE S R, X R RS RS R — 2P,

USSR MG S, 8 PHN IR A= GIlE 5.

4.4.2 BB 445 RS A By 18 ) B KA
Rz Fek BB 5 A~ HUZ PHN (OREREREN, R r] S igiE

BRI - i - SRS A T i E B R 45, DRI E e R

FIH, TEROGHENEER . RBF R LG, B RRBHY

RAEMARNINE, FEMEIATERT - o . BN FE - 61X

LIIER T2 NMRIEIR 25, W MR IEEAS IE R

FEDNSEN, (EZERMRA B E RIUR, dimiEsimE

WEMETE, EEEC RG] E Rt —

HINEG, EEh ERE G E I b S Rk B

Fet, DnEESNERREAR G S IREURAL, 1A PHN BRI

TRRERFFE AR R NN

5 45iE
LE LR, M ETERE - I - SRR E YRR E A

FR s e 5 R R F S BRI AR, /E PHN BN

PERE R EN A CHERE . PEBEF T IRREESE, 4%

EEEEE - fix - eBhE PHN B RMAIERVIE, HliekkT

BRI MG INE, 2% PHN MIGIKIGST

BEHTIENL, $Em PHN BE A=,

B3k

[1] TR R, 505 5. AR RET IR R e
TR FHRTLAIL. B2 Rl 1i0412,2024,41(04):372-378.

[2]  RARER, H AL - T RIEE JE A O (ARBIL [ C )/ A
BE2ps IR o oy o R IER S SR 2B T
JEEF AR 2 S 4 U RV R B, 2023:180-181.

[B] EEIEFH AT S, AT 4RSI R EHAT IR
a2 1].7Y) 1R R, 2023,41(02):28-32.

[4] Guo W ,Zhang B ,Liu M , et al. Correction: Based on Virtual
Screening and Simulation Exploring the Mechanism of Plant-
Derived Compounds with PINK1 to Postherpetic Neuralgia.[J].
Molecular neurobiology,2024,61(11):9204-9209.

[5] Guo W ,Zhang B ,Liu M, et al. Based on Virtual Screening and
Simulation Exploring the Mechanism of Plant-Derived Compounds
with PINK1 to Postherpetic Neuralgia.[J].Molecular neurobiolo
2y,2024,61(11):9184-9203.

29



