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WE . BY #Hite b kR INEK (PRP—Exos) iiid TLR4/NF-kB 43 5 il % 3F & FAb 2 5145
(SNI) X RAY 2R IR A BRI 5T, F7iE 30 RAEESD XK AL A F G4, A 275 PRP-
Exos i, #4110 R, A 204 PRP—Exos 2888 SNI & Sl Ah 2k B ZR A . PRP—Exos LA 41 )6 % 7
RALH MIESH 200 mg/L PRP—Exos (0.5mL/R, FGH 1k, £10:k), BAMZEHFRRAR K, nlFIRaT
J6 REAMABEL (MWT), #IRBML (TWL) BRAFAYZiEhP 243k E (MNCV); FRERE, LB
ZP R NIRRT, SR BN B A MAT B L Y0 4 R AR B, BEIE S 9% R R ]
RAMALNHIILE F-a (TNF-a) & @IA% -6 (IL-6) K-F, Western blotting il H-4 Toll H% 45 4
(TLR4). #K-F-kB (NF-«B). p65&@a Kk, HR M. HBAMAPRP-Exos AR, BAELHEF 6 K.
510K MWT, TWL, MNCVA-FbE:, £R: ORFESEMWT A TWLAFIUE, ZF9A%TFE
L (P<0.05), @32EMWT, TWL, MNCVK-FIbix, ZFHA%RITFEL (P<0.05); 5Eamigrt, A
202 PRP—Exos LB B )G 5 6 K. 425 10 REFMWT, TWL, MNCV/R-F3HAk; HAEA 2400, PRP—
Exos 282525 10 REFMWT, TWL, MNCVK-F¥F&, @3AMWT. TWL, MNCVK-FEAEHILE, £F
Aot FEL (P<0.05), 5=atart, A 45 PRP—Exos 3% A 2FM T E 348 (P<0.05); SR
20485k, PRP—Exos#i4h R A2AR B EHE KR (P<0.05), 55 aMtak, A 45 PRP—Exos 2L TNF—a,
IL-67K-F#=TLR4, NF—KB p65%& @At &z ¥ sd (P<0.05); 540, PRP-ExosZL TNF—a, IL—6
KFF2 TLR 4, NF—kB p65& G Aast &k 3L (P<0.05), 4518 PRP—Exos i@t 47%] TLR4/NF-kB1Z 5
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TLR4/NF-kB pathway*

Tian Li-dong', Zhao Li-li*, Liu Wen-na', Gong Jing', Zhang Guang-hua'
[1. Department of Anesthesiology, Tianjin Medical University Chu Hsien-I Memorial Hospital (NHC Key
Lab of Hormones and Development), Tianjin 300134, China; 2. Department of Nursing,
Tianjin Fourth Central Hospital, Tianjin 300140, China]

Abstract: Objective To investigate the therapeutic effects and molecular mechanisms of platelet-rich
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plasma-derived exosomes (PRP-Exos) on neuropathic pain in spared nerve injury (SNI) rats through the Toll-like
receptor 4 (TLR4)/ nuclear factor-kB (NF-«B) signaling pathway. Methods Thirty male SD rats were randomly
divided into the sham, SNI model, and PRP-Exos groups (each n» = 10). Neuropathic pain models were established in
the latter two groups using SNI. From day 7 post-modeling, the PRP-Exos group received intrathecal injections of
200 mg/L PRP-Exos (0.5 mL/dose, every other day for 10 doses), while the model group received saline. Before and
after the intervention, the mechanical withdrawal threshold (MWT), thermal withdrawal latency (TWL), and motor
nerve conduction velocity (MNCV) were assessed. After the intervention, the pathological morphology of the sciatic
nerve was assessed using toluidine blue staining. Transmission electron microscopy was performed to observe and
measure the axonal diameter and myelin thickness of myelinated nerve fibers. Enzyme-linked immunosorbent assay
(ELISA) was used to quantify tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6) levels in spinal cord tissues.
Western blotting was conducted to determine the expression of TLR4, NF-kB, and p65 proteins in the spinal cord.
Results The comparison of MWT, TWL, and MNCYV at baseline, on day 6 after model establishment, and after 10
doses of treatment in the sham, SNI model, and PRP-Exos groups demonstrated that significant differences in MWT
and TWL were observed across the different time points (P < 0.05) and that significant differences in MWT, TWL,
and MNCYV were observed among the three groups (P < 0.05). Compared with the sham group, both the SNI model
and PRP-Exos groups showed decreased MWT, TWL, and MNCV on day 6 after modeling and after 10 doses of
treatment. Compared with the SNI model group, the PRP-Exos group showed increased MWT, TWL, and MNCV
after 10 doses of treatment. The change trends in MWT, TWL, and MNCV among the three groups were
significantly different (P < 0.05). Compared with the sham group, both the SNI model and PRP-Exos groups
exhibited reduced axonal diameter and myelin thickness (P < 0.05), while the PRP-Exos group showed increased
axonal diameter and myelin thickness compared with the SNI model group (P < 0.05). Similarly, TNF-a and IL-6
levels, as well as spinal cord TLR4 and NF-kB p65 protein expression, were elevated in the SNI model and PRP-
Exos groups compared with the blank group (P < 0.05), whereas these markers were reduced in the PRP-Exos group
relative to the SNI model group (P < 0.05). Conclusion PRP-Exos can mitigate neuropathic pain in SNI rats by
suppressing the TLR4/NF-«kB pathway, thereby reducing the release of inflammatory factors in the spinal cord and
improving neuropathological morphology.

Keywords: neuropathic pain; spared nerve injury; platelet-rich plasma-derived exosomes; intrathecal

injection; TLR4/NF-«B signaling pathway
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1 MBETGE

RS
30 H B SD KB, K 250 ~ 300 g, W A
DUk (dbmt) EWEARARAR, LRy
YFATIES . SCXK (51) 2019-0010, 5256304 H
VFAIES . SYXK () 2020-0001. PRP-Exos Fi K
HERKFREFLCSERLREHZIFLEE.
ARG P Y O H T M AERE BT A A, TNF-o
IL-6 [ B f 9% W B ol 5
immunosorbent assay, ELISA) ik F & . SDS-PAGE fid
kT & A B R S KA A A, BR R
LW B (horseradish peroxidase, HRP) #5 LI 2 BT e
IeG I H 7 Boster 2y 7], HRP Fx LU P07/ 1 IeG 1
At st el A F, 4% LB PEE . 25% %
f . RIPA 24 (7 PMSF) . BCAKH & . 10x
MW . T A JE 5T Solarbio 23 H), TLR4 (96 kD) .
NF-kB p65 (65 kD). GAPDH (37 kD) #Hi{k¥ Iy
B2 =AY A A
1.2 FEMNE

Von Frey £F 4 220 95 {¥ ( 3% [ Von Frey Hairs 24
A]), BME-410C %1 4> [ gh#um HI AL (R B R JE R
BT, 62 A (H 7R Nikon 28 7] ) , 75 5 H8 45
( H 7 Hitachi 23 F]) , 8 [ BE K HL Uk 3R 4t (€ & Bio-
Rad 2 F]) , BERE UG A AT A (AL st s —A38 ) ) .
1.3 FHik
131 SNIEAKXRLH BBSHICER[11K
T SNUAE ALK R, WA B FU Bk R e I AT 3 31
W, FEHEHBAREFRX, BRELFHNLE
T, M 45 2R85B, S B E RS
Mz, FEEABGHAImE. RY, Z2EEH K
JRFTAILPA ), FF R BUE TR AR (1) 78 1 & B 3%
ARG 25, WMBBATET S . JEESMEH . BB AL
W2, AKVEHRE . BEE 46N S AT R P,
RN S #5570 52 i BTy o AR BIF 5 3R AT R B B K 2
KEFRDECERDYREZ R SHHE (No:
DXBYY-TACUC-2021047) . A/ 123 1 2y 3% 43 A1
ISR S nl Tl M ol R = S IR R e
(mechanical withdrawal threshold, MWT) %t W H#
(Cohen's d=1.20) , %% ¥t 5 Cohen's f=0.49, 1% & o =
0.05.8=0.20, G'Power 5 il /5 1 475 >8 H 5% .
HIR T ARMAFE K Z 0 0] SR 7oK, AR

1.1

( enzyme—linked

A 10 H SD KB i FEA it [ B /2 A B 53 v i
Kl F8 BRI G 1T 3B SR (Post—hoc power> 0.8) .
1.3.2 30 HSD REBEHL N34, &
105, A (UREEEHE, N, &~
AT T 10 BRI . SNIAE & 5 55 7 KT
LR P9 5 0.9% A BEER 7K (0.5 mL/R) L BE H 1R,
10 ; PRP-Exos 2H : SNSRI HIIS . 5N 1 5t
200 mg/L. PRP-Exos 0.5 mL, #3257 SRR RIZH
133 EIRAT A F4E #H Von Frey HL A H
ASCAS I K B MWT, 38 33 Von Frey 22 XF K Bl 28 I i
JEJE RS HEAT B ENE (1 g/s), 0351 K40 2 5
WAL I f /N 1 o MWT s i BME-410C 14 [ 3
TR AR T AR R G 4R R W AR (thermal
withdrawal latency, TWL ), 77 #AHE 556U 14 56 5 0
55 C, MG RERZAEROENE, 0% I in f G 2
R B I A I TR BY TWL, 35 R 3
[ 20 s A3l AEARTT, BAIEHIEEE 6 K. A2
10 K IHIEAS MWT A1 TWL, A 2R B 3 vk, 16
B A1) 47 5 min, B {EAE A 258 .

134 AvrzdAm@eEns RARAHICERS
I K BRLAL B P 220 sl i 245 T 3UE (motor nerve
conduction velocity, MNCV) o K FURRIE & 2 f5 , T
()00 J5 o 565 5 ik 5 BB 5 7 Ak 3 31 s — b ol 3 s A
(PR I BE 1 em) , I A& U0 300 B 3T A6 15 b 461
ERCEIE AN . PLIREE 10 V. B 1 ms 195 DK%
ik e 43 S50 00 8 R R S, 3 s el RO &
(A WUASIVER A, . MNCV (m/s) 38 3 9 55 6] 4
R (1em) 56 NIR SRR AR 224
(ms) WYHAETHRAR S . WEL R, [F50EEER
HF 9B 20 ~ 5 kHz, IR 1 IR/60 s, T A
e = 7.

135 gz E SRAHRRMIEY M, BUSNI
IR A 0 32 35 A B B2 10 mm, 4% 22 B8 F I [
24 h, BREEMIK B A WA S pm D1 R
B I ARG, IR A Je {0 5 min, R 2Bk, Y
ZLY% (5 3 min, YLK ph Uk BB BE S BERE K, 2R
B, R S F o Ot 2 S RUBE (400 175 ) I il 22 £F
YEHED a8 P R SE 4N IS

1.3.6  APZLFAARMEMAE  BUSNI K B
178 Vit A B R 22 10 mm, 2.5% T 4 CE 5E 2 h,
PBS e 39K, 10 min/IRK, 1% #BRJ5FEE 1 h, 4

LT
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BABRLE LT (50% ~ 100% ) K, FR4ER G 812
BB, 60 CEA48h, KU H (1 pm) H
ARG e AL, Y] R HLE) 50 nm V) R, FPAE
FRET YL (5 15 min, JrAAbBESEER S, (i & S i T
0 TR B P R A 2 1 RS A (RS AR )2 S5 4
B2 A B IE A ) o 3 Image J EFI
A BE A 2 A Y Tl g% AR R BE SR B, IT AL AR
S B R G O .

1.3.7  ELISA# M TNF-a. IL—6 &k K-F  BUK R
L, ~ L BOB B4, V4 PBS Wk J5 AR, #2 1:9 (w/
V)T RIPA 2480, vK 213, 4 °C (14 000 t/min 5
L 15 min, B E W . 5 ELISA 35 & 16 B 45 #4
Vo o B0 G B, R AR 12 SHR RS, L 100 /L
AL A , 37 CHEH 90 min; PEAR 5 U, A=)
ZALFAR (1:100)100 wl,37 CHEE 60 min; YEHR )5
JIHRP-B£F £ MZE (12 100) 100 wL, 37 °C ke
30 min; TMB & % 15 min, 2 mol/L H,SO, 20k,
450 nm P KARM OD {H, PR ph i3 E .

1.3.8  Western blotting #2 ] NF—kB &% TLR—4 % &
Foak BUBBEZH 1100 mg, A 1 mL RIPA 2L i

(& PMSF), 7K [-24# 30 min, 4°C. 14 000 r/min &5
> 15 min, BCA Ll & H W & . A & 40 pg,
10% SDS-PAGE Hi, 3k (80 V.30 min, 120 V60 min) ;
300 mA TH it 7% B 90 min & PVDF 55 5% it B 0% ¥;

42 h, —$i (TLR4 1: 1 000, NF-«B p65 1:800)
4 CHFF 1R ; TBSTHE3 YK, 10 min/iK, HRPHRIC
TH(1:5000) FIRBFEF 1 h; ECL 25, K ] Image J
A3 AT AR K B2 (B (PN 2 GAPDH 1:2 000) o
1.4 Hir=EFHE

AR 73 BT R JH SPSS 26.0 Gt #cfk . iR
DIE £ b2 (xxs) Fon, WWRHEE N &
T J7 22 50 Br sl R 2R 5 22 40 i, PR LA
LSD-t #5860 . P<0.05 N 2ZEFH G X,

2 R

PRP-Exos Xt K R & 1T A F R #2M
2, AL . PRP-Exos 41 K BRUAR T . A
R HIE S 6 K. 4525 10 I MWT Al TWL 7K He
B, RHEEWNE I 200, 4% OA
[ BF ] 25 MWT R TWL K P AR, 22 531 it
= (F=178.199. 86.077, ¥ P =0.000). @34
MWT F1 TWL K LL e, 22 R A it 5 L (F =
135.164 .157.721, ¥1P=0.000); 525 (4L,
R 20 Fll PRP-Exos ZIBI B 5 il 555 6 K . 4525 101K
BF MWT Al TWL K- REAR ;. SREALZEAH [, PRP-
Exos 414525 10 KIS MWT FI TWL K275, 33 41
MWT Al TWL K FA b a4 b, 2R A G458
X (F=56.219, 21.840, ¥JP=0.000). W% 1.

2.1

#®1 SAXRAERELZMWTIITWLAKELRE (n=10,x+s)
ST MW T/g TWL/s
AHT R 5 6 d 25 101K AHT KA )5 6 d 225103
S HUA 997+ 1.15 994+ 1.19 996+ 1.15 17.12 £2.01 17.15+2.14 17.13+2.17
FEIZ 9.81+1.08 32540477 3.41 %049 16.68 +2.13 6.52 + 1.08"% 6.78 + 1.19™%
PRP-Exos 4] 9.77 £1.22 3.18 £ 0.52% 7.73 +£0.9272% 16.97 +2.19 6.47 + 1.03"% 1124 +1.51729

H : O5ARETLE, P <0.05; @525 HLH LA, P <0.05; @ 51T L4, P <0.05.

2.2 PRP-Exos XK R#ZEEZH N

2 HH, BRZH . PRP-Exos ZH K BUAR BT . A
RIS 6 K. 4325 10 I MNCV /KPR
MEE W R I 2200, 4558 ORI
FMOMNCV K FIb#, ZRBASIT¥E X (F=
209.338, P=0.000). @34 MNCV K LLig, 25
WA S FE X (F=423.107, P=0.000); H525H
A, BEREIZ FI PRP-Exos ZH B 45 15 55 6 K .
2525 10 I MNCV K ¥R s SR AL AR L
PRP-Exos 41 45 25 10 Y I MNCV /KE T 5 . 33 41

MNCV KA e i, 2R ARIF¥E X
(F=72237, P=0.000), W32,

Fz2 BAKRARFREIEMNCVKFLLE

(n=10, m/s, x + s)

4151 Nif) PR AT il 6 d 425 10IR
24U 56.29+2.84  56.513.11 56.76 +3.05
AR ZH 55.85+3.03  30.07 245" 3241 +279"?
PRP-Exos 4l 55.94+278  29.88+2.04"2 47.94+293"2%

o O5RATHAL, P <0.05;@57% (141 H4L, P <0.05; @51
HILH HL A, P <0.05.
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2.3 PRP-Exos 3} X R4 B 2 SR 40

PR i s e (4 SR o, 25 ALK R AR el
L HEHES) B, SRIE AN, RER LS T,
Toas i As e, WAL, R WL AE A MR
B 20 B PR 28 2F HE 254 2500, 7] DL Wallerian 48

27
=

SEC]

& 1

2.4 PRP-Exos Xt X FR 8 LT 4B L5 1A 220

254 B4 . PRP-Exos 2186 # 28 47 4E 1)
iR EHAMBEEEE RE, @20, 25
BEIT¥E X (P<0.05); S5 HAME, BiA4
1 PRP-Exos 41 fill ¢ T 42 186 1 5 B 29 /N (P <
0.05); SHEERIZAH L, PRP-Exos 4% % 142 F1 46
FY R R (P<0.05), WL#E3,

3 BEKXRBEHAETHENMREZNBEHER LR
(n=10, pm, x+s)

4 5.72+0.71 1.68 +0.09
AL 3.55+0.72" 1.02£0.117
PRP-Exos £ 4.67 +0.987% 1.39 £0.1672
FAd 17.817 71.681
P 0.000 0.000

o D52 I, P <0.05; Q5 EHI4H L5, P <0.05,

2.5 PRP-Exos 3t KR &#E K TNF-a 1 IL-6 F
KRR

254, B4 . PRP-Exos 41 K B B8 N
TNF-a f11L-6 K Lo de, &0 2500, 29WE
GiiteEE L (P<0.05); 525 AL, BORIZH A
PRP-Exos 2l TNF—a 1 IL—-6 /K F- 2 TF 5 (P <0.05) 5
ERERIZH A I, PRP-Exos 20 TNF-o Fl IL-6 7K -1
FEAE (P<0.05)., W4,
2.6 PRP-Exos Xt kX R & #5204 TLR4/NF-«B i#
BEXERRIENZM

S, BRI . PRP-Exos 4 K R B4 41

A
EHRRLFHERSNE  (FREEGE x200)

Pe, R ZEAE TR, BERE AR RS, TR
M A, SMBEER Wi e, SRR AAE AR s PRP-
Exos 21K BB 2 LT HEHESI BRI 2 MR, 25 i
W, MRS SR, AT BE,
TREAMIA P35, ST IR . WL 1.

PRP-Exos 21

F4 BHXBREHEN TNF-ofIL-6KFLLE
(n=10, pg/mg, x + )

EIEE 1235+ 1.42 15.72 £ 1.85
TR 30.67 +3.25% 41.83 £4.07"
PRP-Exos 41 21.54 +2.16"% 26.39 +2.947%
FAE 145.970 180.569
P{H 0.000 0.000

¥ Q52 A L, P <0.05; Q54 s, P <0.05,

TLR4/NF-« B il % AH OC 8 AR X Rk Ih 3, &5
200, ZRYAEGIER L (P<0.05); #t—2
PP LSS . S (A4 AT b, B 41 RN PRP-
Exos 4 TLR4 . NF-«B p65 £ A M xF 26 1k 8 2 7 5
(P <0.05); S5BIRZAH L, PRP-Exos 41 TLR4 .
NF-«kB p65 & FIAHXT Rk m AL (P<0.05). U
FSFKE 2,

K5 IEKXBREHALTLRANF-BEKHEXEOHENE

FEE (n=10,xxs)
am_ mm e
RS 0.32£0.05 0.51 +0.06
FEARIZH 0.87 +0.12"” 0.97 +0.15"
PRP-Exos 2 0.51 £0.08% 0.68 = 0.097?
FlA 100.472 47.456
Pl 0.000 0.000

. Q5 AAE, P <0.05;Q 5B H &, P <0.05,
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1 2 3

TLRA WSS S —

NF-cB o5 - S— S D
CAPDH (s P S 37D

1: 25 H4L; 2: BIRIZL; 3. PRP-Exos 4.
E2 SHEEEHATLRA/NF-«BIEBRHEXEBRRIE

3 itip

NP J& #2828 G0 401 43 sl 2 0 15 | e 1) 18 1 9 e
R, H LB R A MR B SR B 2 B A
e R b 5 1) £ A AR T A TR YT T IR AE 2
Vi yT MY BEIR YT, BARAE — B R b G2 Y i
AR AR A R LAY Bl 2w /R R B, T4
HrATT R AR MALH LA NP IGYT Y B B, 1T 4F
K , PRP-Exos 7£ 1 28 32 4t ' 918 52 A 3% i 45 31 5
M, mFHESERETFEILRST T, BANTE
BB T B W AR R H T
&1} PRP-Exos 18 3 TLR4/NF- kB {5 5 i J% X NP
IRITVERT, L PR FH 2 A 3 1% 3 A 4l

PRP-Exos 1£ 4 & & 2 F A= ) 16 14 53 F 1) Exos,
PR SEAE B UE G PR A G I8 5 T B AT
3 CHE Z5VIF 58 3 B, PRP-Exos 78 1% bR 9% €1 18
Al S B A A ) M2 BUAR Ak T R B AR
T 20 R AR R R S S g B O B T &
TE Al 2B 545570 rft | PRP—Exos W 32 3246 F T4 56 /1N
52 J5% 40 RN 5 B 40 L, A1 1 R0 2 4 0 TR A AT
WE M TR AR S 45 R B, PRP-Exos i i3
5 PN 7 A 1 O KRB A% 3 3 SNT K BRUNP o HLAA T
7 , PRP-Exos 20 K B 7E MWT FIHR B (8 TWL | 4%
RERLZ A 3% T, AR 98 E IR F TNF-a F1 1L-6 7K
S b S A, 55 B PRP—FExos RERE A5 25000 il 45 5% 46
JR , B T RE 5 BUA 9T 45 R — 30 sAh,
PRP-Exos 41 19 il 2895 B 22 A8 AL A T el 3%, F R
W Y 0,55 5 i R, PRP—Exos BE 5412 3E i 25 2 2 HE 5
(1) 5% 55 1, IR 38 il 28 B4R RS R R R, i — A
ST PRP-Exos X #H 8 5 E EAE M, R A
TERTE O I R L FH A {8 o AR 0T 5 3 3 o 468 Pl A B 24 0T
fii , A PRP-Exos /12 7 #ft 28 T REMK & 4240 T % W4 3
Al TE 4 - 52 T 22 M A R R, 4%
ZH K B MNCV 7E AN [R] B 8] o5 B 41 () 35 47 78 1 3% 2

96 kD

St R R 2H 5 PRP-Exos 2H 7645 %1 &2 i J5 MNCV
P PR B {H 25 PRP-Exos T T J5 , H: MNCV /K °F-
FELG 25 10 I 0 25 3 PR R A 3 — 25 L B 4R 52
PRP-Exos fig 1% 47 242 1F 32 451 Ak 5 #h 2 1 i {5 5 1%
FUIREE CMNCV BB 5 1R s AT R 2 R
i 5 B 1Y 0 e B — 2, R [F A A T PRP-Exos AT
R 58 B E P A 2 AL BIF 5 % B, PRP-Exos
A o AR O Al 2 200 O ) B RD R AR S KA TR TR
I7 R 2451403 R NP o R B R4 T 0

TLR4/NF-« B 5538 I 76 NP g /E 9 2 0F
¥ o TLR4 J2 — Fh H B 1 S e 32 4K, HBOs g g 51 &
— RV NGS5 T, e & T BORAE T (1 B
IR 2235003 19 IR 220 NF— B2 R 37 B B4 S I
FE 108 30 Ao 15 22 Fh 9 BE R Y 2R3k, E — 25 i
ZERAE ™ IR ISR R, A A0 03 5 1 9 I
N A& NP & A 1 HZE ML 2 — , R 51 J& TLR4/NF-«B
15 5 30 % 78 i 28 2 G0 P i BTSN R R KR AL
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