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Abstract Objective: To investigate the efficacy of platelet-rich plasma (PRP) injection into the dorsal root
ganglion (DRG) in improving postherpetic neuralgia (PHN) and to explore its underlying mechanisms via
metabolomics analysis. Methods: Forty patients diagnosed with thoracolumbar PHN in the Department of Pain
Medicine, Quanzhou First Hospital Affiliated to Fujian Medical University from March 2024 to March 2025
were enrolled. Using block randomization (block size of 4), the patients were assigned to the control group
(pregabalin) and the PRP group (pregabalin combined with PRP injection into the DRG). The numerical rating
scale (NRS) score, sleep quality, medication dosage, and adverse reactions were recorded and compared
between the two groups at baseline (1 day before treatment, T,) and on day 7 (T)), day 14 (T,), and day 28 (T;) of
the treatment period. Untargeted metabolomics was employed to screen differential metabolites, and metabolite
enrichment analysis was performed to indicate the potentially regulated biological pathways. Results: A total of
38 patients completed the clinical study (18 in the PRP group and 20 in the control group). At T; (day 28), compared
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with the control group, the PRP group showed a greater reduction in NRS score, greater improvement in sleep

quality, and a more pronounced reduction in pregabalin dosage (P < 0.05), along with a lower incidence of

somnolence (P < 0.05); No significant differences were observed in other adverse reactions. The metabolomic

analysis included 18 samples (8 from the PRP group and 10 from the control group). Differential metabolites,

including benzoic acid and B-arginine, were identified and mainly enriched in the phenylalanine, tyrosine,

tryptophan, and glutathione metabolic pathways. Conclusion: PRP injection into the DRG can effectively alleviate

PHN, improve sleep, reduce medication dosage, and decrease somnolence. The underlying mechanism may be

related to the regulation of oxidative stress, inflammatory responses, and amino acid metabolic pathways.
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Fig. 1 CT-guided puncture needle delivery to the target nerve
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Table 1 Comparison of general data between the two groups (72, %)

45 & Variable XFHRZH Control group (72 =20)  PRP 41 PRP group (72 = 18)  4uil & Statistic P
53] Gender

5 Male 8 (40.0) 7(38.9)

4 Female 12 (60.0) 11 (61.1) - 100
W (%) Age (years)

55-65 4(20.0) 5(27.8)

66~75 10 (50.0) 8 (44.4) Z=-041 0.681

76~85 6 (30.0) 5(27.8)

RIFRHRAL Site of involvement
H LK BE Thoracic spinal nerves 15 (75.0) 12 (66.7) L 0924
HHPZIEE: Lumbar spinal nerves 5(25.0) 6(33.3)

PHN Ji#2 (H) Duration of PHN (months)

1=3 8 (40.0) 8 (44.4)

36 12 (60.0) 10 (55.6) g 0871
NRS 45 NRS score 5.35+0.81 5.50£0.71 t=-0.60 0.550
REARR L Sleep quality

JGHEAR RS No insomnia 0 (0) 0 (0)

T 5 MK Possible insomnia 7(35.0) 8(44.4) Z=-0.59 0.557

AR Insomnia 13 (65.0) 10 (55.6)

* 5% 1] Fisher WiIME#%:, & 47 it *Fisher's exact test; no 2 statistic.
R2 WIRITHIE NRS W4 A (x £85D)

Table 2 Comparison of NRS scores between the two groups before and after treatment (x =SD)

YEITRT 1K (Ty) BITIEEE 7 K (T)) VRIT IG5 14 K (T,) VAIT 5 5 28 K (Ts)
Xt B4 Control group (72 = 20) 5.3540.81 3.7040.73% 3.4040.60 3.1540.67%
PRP #1 PRP group (72 = 18) 5.5040.71 3.1740.62% 2.8340.79% 2.44+0.62%
t -0.60 2.41 2.52 3.37
P 0.550 0.021 0.016 0.020

*P<0.05, SXMALMLL; P <0.001, SFEL T, M
#P < (.05, compared with the control group; “P < 0.001, compared with T, within the same group.

F3 WHBITIEIERRGLELE. (B, %)

Table 3 Comparison of sleep quality between the two groups after treatment (72, %)

TCHEARFH IS No insomnia AT &L SR Possible insomnia ZRA Insomnia
%4 Control group (72 = 20) 6(30.0) 10 (50.0) 4(20.0)
PRP 4 PRP group (77 = 18) 15 (83.3)* 2 (11.1)* 1 (5.56)*
4 -3.109
P 0.002
*P<0.05, SXMZHAMLL; *P < 0.05, compared with the control group.

T4 PR AR E MR 2 14 77 2 b A

Table 4 Comparison of daily dosage of pregabalin between the two groups of patients

5 bk H 755 Pregabalin daily dose (mg)

RITIEEE 7 K (T) VEITIE 56 28 K (Ty)
%} &4 Control group (72 = 20) 450 (300, 450) 300 (225, 375)
PRP 41 PRP group (77 = 18) 450 (300, 450) 150 (150, 300)*
z -0.985 -3.243
P 0.325 0.010

*P<0.05, SXMZMLL; *P <0.05, compared with the control group.
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partial least squares-discriminant analysis, OPLS-DA):
OPLS-DA 13- lidt—2P BoR, PRP 4 T, 51 HZH
T, (AR AR R 3 72 5 0 (WK 4A) , PRPALT,
5 T, WANARBHR IR KA 208 (ILE4B) .

(3) ZRAREHRFHL: ET2agmitahs
FAAR ARG IS, ASHITFEAEAN [F) 4 0 ) LB e Dy i
HE T B R 2 R AR .

TEXTHRA T, 5PRPAT, ML h, L%
19 M AR, Horh, SRHER (benzoic acid).
B-#E 2 R (B-arginine) A1 X} H 2K B (p-Toluquinone)
S 5T ) K P AE PRP 2 vh 2 25 RO, T R AR R R

[ Control group M PRP group
100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
; []

Adverse reaction incidence (%)

Dizziness Lower-limb Dry mouth Somnolence
edema

B2 WA A RSB A A ZR AL
*P<0.05, SXRAMEL
Sk# dizziness; T 7K lower-limb edema; 11
dry mouth; FEHfE somnolence

Fig. 2 Comparison of the incidence of adverse reactions
between the control group and PRP group
*P < 0.05, compared with the control group.

A H Control group (T;) @ PRP group (T3)
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(Phenylsulfate) 4- H 1 it B2 £5 (4-Cresol sulfate) 2 7%
¥ (Phenol) Z&47) i I 2.3 i .

fEPRPHiGITHI G (T, 5T, Btk , It
et 11 Fh 2 Y. 45BN, T, IR A
HFHIAS BEH K B4k (glutathione disulfide). 5% T
2 (isobutyric acid) FIFRHK BT /LA E [(-)-epigallocate-
chin] SR R A T REAR L, BARIUN A
HIK AR &) LR B, s TR A,

NEM R A 2 R RIB B, AT
FH T U (E 5. 6) o EIFRREHNE s
B2 AR WAL LR ) At oL, Hrh B
FIRPAREY AL B bR R, B TN R DL AR R

gepteS52TEgit ohaE R, ®AWHE

® PRP group (T;) M Control group (T5)
@ PRP group (T,) ®QC

254

.0

-254

PC2 (8.9%)
o

-80 -40 0 40 80
PC1 (24.8%)

3 EEREA (B QC FEA) 1 PCA 1573 B A
Fig. 3 PCA scores scatter plot of all samples (including QC

samples)
B ® PRP group (T;) 4 PRP group (T,)
°
40
< * e *
x *
8 o
S <
= e,
-40
-30 0 30

¢ [11P (10.1%)

(A) PRP 41 T, 53841 T, ALR LLE; (B) PRP 41 T, 55 T, 4L P Eb i

Fig. 4 OPLS-DA score scatter plot

(A) Between-group comparison of PRP group and control group at Ts; (B) Intra-group comparison of PRP group at T, and T,
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T EHEBEA A RN ERREMIIR. X
HE4H (T) 5 PRP 4 (T,) MIELEH, #iE 1 10 Fp i
= BRA MR TR (WK S s {E PRP
HIRITHIE (T, 5 Ty BIEEAH, e T 6 Fhids
YRR S FEE TR (K6 .

6. Z AP KEGG & & 4T

BRI SR T A ke, At

Status  “ not significant *down-regulated < up-regulated
VIP -0.0 @88
" Up: 10
Down: 9
2 - =
2 3
g s
Q 4
8"
y
0- ¥
T T T T T
-10 -5 0 5 10

log, fold_change

B 5 XE (T) 5 PRP 4 (Ty) MR ARBE L
Fig.5 Volcano plot for screening differential metabolites
between the control group (T;) and the PRP group (T5)
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FUXF I I%E H 1) 22 AR AT T KEGG 1@ = 457
Mo FEXTIEZL (T,) 5 PRP 4 (T, MItbid, (75
) 2 AR B35 s AR AR B A R R T
FR AR B R A L A% . 76 PRP 43R
JTHTE (T, 5 Ty M, 250N 5%
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KEGG HHE7 R IE 7.
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VIP -0.0 ®10.9
° Up: 6
2.0 o Down: 5
8 157 L
[+ T PS——— W V——— R e ——
7
Q
=) 10'
=)
o
0.5+
0_

-10 -5 0 5 10
log, fold_change

B 6 PRPHT, 5 T, M2 UMRHLEL KL
Fig. 6 Volcano plot for screening differential metabolites
between T, and T; in the PRP group
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Rich factor Rich factor
B7 ZRMN KEGG E4K
(A) XREZH (Ty) 5 PRP 4 (T,) M AILLES; (B) PRP HIBIT AT (To) 5T )G (T,) AN LLE
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Fig.7 KEGG enrichment plot of differential metabolites

(A) Inter-group comparison between the control group (T5) and the PRP group (T5); (B) Intra-group comparison between

pre-treatment (T,) and post-treatment (T5) in the PRP group
The x-axis represents the rich factor, the y-axis represents the pathway name; the size of the dots indicates the number of
enriched differential metabolites, and the color gradient from red to blue represents the enrichment significance from high

to low (-log,, P value).
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Table 5 Significantly up-regulated and down-regulated substances in the PRP group (T;) and the control group (T5)

R4 Metabolite

J&PE Regulation

N'- ZFE-N*- HEE-5- FAER R N'-acetyl-N’-formyl-5-methoxykynuramine

6-i-1- TP 3 -4- U AR-7- CL-WRIRES ) -4H-[1, 3] B AURH [3, 2-a] MERR-3-FRIR
6-Fluoro-1-methyl-4-oxo-7-(1-piperazinyl)-4H-[1, 3]thiazeto[3, 2-a]quinoline-3-carboxylic acid

1-¥83£-2-28H R 1-Hydroxy-2-naphthoic acid
EHANEE  Nordeoxycholic acid
PFRANE  Phenylsulfate
(5-F-3-FHE-4-5FREMEJE ) 2R (5-Chloro-3-methyl-4-isoxazolyl) acetic acid
A-HEYER LR 4-Cresol sulfate
2K} Phenol
CAEAAEE AR L [3-[[2,3-dihydroxypropoxy]-hydroxyphosphoryl]oxy-2-hexadecanoyloxypropyl] hexadecanoate
KB EE%  Phenylacetylglutamine

(3B, 50, 60, 70, 22E, 24R)-5, 6- IR 2 f {5 -8, 14, 22- —Jfi-3, 7- %
(3B, 50, 60, 7a, 22E, 24R)-5, 6-Epoxyergosta-8, 14, 22-triene-3, 7-diol

ZKHR  Benzoic acid
X ZKRE  p-Toluquinone
(10E, 157)-9, 12, 13- =#24£-10, 15-+ )\BK — /%R (10E, 152)-9, 12, 13-Trihydroxyoctadeca-10, 15-dienoic acid

t
t

—_ - > > > > > —

-—

(3-5HAR-2-UR ) £ (3-Oxo-2-piperazinyl) acetic acid
P8 Gramine
B-FEZR P-arginine
JHEfEZSHER  Chatenaytrienin_3

N-(4- A HRFE) N'-(4-5 2 ) IR N-(4-Ethoxyphenyl)-N'-(4-fluorophenyl)urea

— o e
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Table 6 Significantly up-regulated and down-regulated substances at T; and T,in the PRP group

R4 Metabolite

JE M Regulation

B WEH BE 8L Glutathione disulfide
KEBETILEZE  (-)-Epigallocatechin

N- (4-Z 3 2-GOR L) -5- G -2-FRE K kI N-(4-Amino-2-chlorophenyl)-5-chloro-2-hydroxybenzamide

N&-Boc-L- 22 N-.delta.-Boc-L-Ornithine

N- (3, 4- A ZIE R -3- (4-H A E) -B-INEBR  N-(3, 4-Dimethoxybenzoyl)-3-(4-fluorophenyl)-.beta.-alanine
4-[ (2-FHE-3-BRIGHEL) fiidk 1-5-Tfi  4-[(2-Methyl-3-furanyl)thio]-5-nonanone
6- (L IEREEEL) -2H-1, 4- %L FFEWE 3 (4H)-Jl]  6-(Ethylsulfonyl)-2H-1, 4-benzoxazin-3(4H)-one

B-FEZ IR P-arginine

2-[(4-ZI-2-THEE I ZJk ] 2 2-(4-Amino-2-nitroanilino) ethanol
1-C1Z-+ )\B 38D -2- (52, 87, 11Z, 147, 17Z- B FIG LR ) -sn-HHif -3- 8 R 2.l 1%

PE [P-18:1(92)/20:5(5Z, 8Z, 11Z, 14Z, 17Z)]
TR Isobutyric_acid

— — e = > > > > > —
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PRP & & IML/MRATA K T (platelet-derived
growth factor, PDGF). 1t K H+-P (transforming
growth factor-B, TGF-B) 4 KK 7 ", 1w RHF 7TIE
i PRP G RIE B M AP LA VR T I Fb
iz R B CT 515 Bkih 45 & PRP 3
SPATIR TR RT3, $RoR R AMEBEEIEN;: 75

RS U B 5 B PRP AT B0GE IR 2 & R IE
PEJE S TR PR IR . iR R BB AR K H AT
X} DRG iX — 4 g, ) G PR SE B 2 1 SCHF T PRP
XA RIS 15 IR 10 2200 B 0 B A N TE IR TT
BN, SR — PR E PRP & DRG 1EHIATT
PHN 24t 7 & B 19 3L 18 4 45 -5 /T I EE

AP 8 3 R B AL BRI e S, g
MRELA DRG 4T PRP /697 PHN TEFIH A REAR
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U 25k e P AR M R R AR R T T A AL T s
WG AR, RSB AR AR 2= R T AR
MR EZEHLH. PRP 4176 T+ T,. T, I [ NRS T
S BRIEI R R TXRAE, $FEoRBE R nl e IF
IR RN« P9 TR AR — 20 SR AR TR B 04
PRP 2H T, i JGHEAR 555 A LLAIA 83.3%, &%
TXF AL 30.0%. T4 BE A, PRP AT,
I AR H P A7 B% 2 150 mg, 2 BT R
ZH 1% 300 mg, PRP ZHFERE & 42K (11.1%) B EMKT
TIEZE (60.0%), RIIL T “A BB -8 FH 2 - FRAK
AR EB IR A .

IR T M w8 Y ()7 N G e i e =111
28 % . PRP 41 (T,) 5XTHEHL (T,) #HLL, S ALTE 1Y)
R R ER K B3 A, BORIATT S S N
JIURER s PUEAL R 2K H R IR B AIK, mT RS & k-3t
ARG T E P E Y BRI &
B BT N, B PRIR A G 28 i 8 B TG 1 52
I R, BRER RS, 4- P ) AR R 2k AR Lt
B F Mk i 55 5 B Ik TR 1 i 1 A AR T K
EFtE, $E s PRP T AT fE G I 4 - G 0 Bl
i 2R G Rk AS P PRPAHEFWEITHIE (T,
5T W, SHK AT, REETILAE
R TR T, T8RRI S H R R
HWmzh,

KEGG &0 Bn =R EE S 6 T
WA BRI ERR Rk, A2 ER
OFR N AR5 TR AR & H e P 208 i a4, HAR
BB AT BE R T ATHIH R @MiEH B
PIRTRIR 2 4- AR R 2R 1A VR N AR 5 I &
2 1l e AR I =W, MR T s B RS A
Ot E ML - KR AT 7018 1 & i Hh &2 Ok E
B, RHE T R R A I R 1 SR A R G,
PERBEA VR IT T B AR IR 1R R IR i AR A AR
J7 [ B e Ah, PRPAGIT RIS (T, 5 T Y
KEGG & 57 Hr 78 s 23 Dk H A i i 1) 2. 25
£, 5z SR S mA e EE S IEE K
WERL. 25 I H IR e 2 NMETTA T R 5
s &9, IR E RS B H B B a2 e
R DA ARSI RAT MR R R B, TR
b R KT 96 97 T B CLB AR SR BT 2R 9k I BRI 1 245
VISR CAER R, R IR &8 5 B A B H oK A
A BRI A 28 1 b 5 A A BB DS AR A Y A
PHN [ BEHERE A, S840 N ST S 48 A E IR 12
T A2 9% i SCOA] ik — S5 R SE AL, T o
W, LR B R AR R R P, EE AR
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52, PRP BA BEHNPEMRBAER, k& Kk
AT S PRI T« IR JRE IR S BH 140
JogE T2 B PRP 6 AT i Nrf2 {5 53 7% 48 50 41 i
IPUEAL T ERE 1, BRARER S AR R AR
TR AP e T AL RO S RIET: B Rk, 20t
H AR U e ) B AR S I R R i -
W, MPUEALBE N PRP FRIRR A R0 RS R4
TR, 7R85 I PRV %2 2 (1) 7 2% f %
I 4 A P

AR RALAE LR R ook, HAER/NA
DR, T BRI 45 B Gt R NN .
28 K [IMLEE A JAAS A2 LAV VA7 1K 307 250 S AR
BAHIRRE M. R, BARAHE SIS 2 5%
X 35k i) 52 7 DRG 55 B Ak B br v, {H R AEBE
M55 2L IS o3 5 0 Btk AT 43 )2 BT L, TR oA e
BRAS [F) 4 28795 B B 1 A5 5 T 6 22 53 6D 7 ROV Ak
FEAERITEE T, A, AR R 2 S5 A A A
PR MER R TR0, HAEAR R KRR AT AR
WFFCTF AR R 7850 Tde e S, I AN\ PRP 41 8
i 5 06 FEZH 10 ], 4 [B) B AR B A7 AE AN 1 i 4
JRUEFE AT 146 3 AR B AR T G o 2 6 ol 42 4
B, ABATEJC I 5 A HE BR AR AR SR EU 5 g B MR 25
AR, DRk, ASHIE 70 e 145 2 1 22 S AR 4 K 2%
S5 RIEABEA L R B BEN U AT 72 ANBE, AL ATE N
BB A R R B, A 5 5 ST 7 i S e g
FrEs KA AEREARBENLIRE, IRk TR AR
SEGUE AR T B A

Zi L PR, DRG VES PRP A 5 ARG YT
PHN W5 2R A G RRAR . 8/D 25 FH & K
WERE S N, LML T AE SR A AN SORE N
FENRR. BER. RSS2 g
ROGHEEE A OC . KPR, B-A5 2 MR S A M sl T 1
NIT RCOPAS (P LE AR bR B
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