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[ Abstract]
network pharmacology, molecular docking, and animal experiments. Methods:

Objective: To explore the mechanisms of Sargentodoxae Caulis in relieving neuropathic pain (NP) based on
Ultra-performance liquid chromatography-
quadrupole orbitrap high-resolution mass spectrometry (UHPLC-Q-Orbitrap HRMS) was used to identify the chemical constituents
of Sargentodoxae Caulis. Network pharmacology was applied to predict the core targets and related pathways of Sargentodoxae
Caulis in the intervention of NP. Forty-eight Sprague-Dawley (SD) rats were randomly divided into a sham operation group, a
model group, low-, medium-, and high-dose Sargentodoxae Caulis groups (1.35, 2.7, and 5.4 g-kg"'), and a pregabalin group
(30 mg-kg"). A NP model was established using chronic constriction injury (CCI). The mechanical withdrawal threshold (MWT)
and thermal withdrawal latency (TWL) were measured before surgery, on days 3 and 5 after surgery, and on days 3, 7, 11, and
14 after drug intervention. Immunofluorescence (IF) was used to detect the expression of neuronal excitability marker c-Fos and the
neurokinin-1 receptor (NK-1R) , which is essential for central sensitization. Western blot (WB) was used to detect the protein
expression and phosphorylation levels of brain-derived neurotrophic factor (BDNF) , tropomyosin receptor kinase B (TrkB) ,
phospholipase C-y (PLCy), calcium/calmodulin-dependent protein kinase Il « (CaMK Il ), and cAMP-response element-binding
protein (CREB) in spinal cord tissue. IF was further used to detect the expression of phosphorylated TrkB (p-TrkB), p-PLCy,
p-CaMK Il @, and p-CREB in spinal cord tissue. Results: A total of 138 compounds were identified in Sargentodoxae Caulis.
Network pharmacology analysis revealed 409 potential targets for NP intervention, including 74 core targets such as neurotrophic
tyrosine kinase receptor type 2 (NTRK2) , prostaglandin-endoperoxide synthase 2 (PTGS2) , mammalian target of rapamycin
(mTOR ), serine/threonine kinase 1 (Aktl), and mitogen-activated protein kinase 1 (MAPK1). Molecular docking results showed
that NTRK2 (encoding TrkB) exhibited good binding affinity with salidroside, sinomenine, puerarin, quercetin, naringenin, and
curcumin. Behavioral results showed that, compared with the sham group, MWT and TWL were significantly decreased in the
model group (P<0.01). IF results showed that c-Fos and NK-1R expression in spinal cord tissue was significantly increased in the
model group compared with the sham group (P<0.01), while these expression levels were significantly decreased in the high-dose
Sargentodoxae Caulis group compared with the model group (P<0.01). WB and IF results showed that, compared with the sham
group, the expression levels of BDNF, TrkB, p-TrkB, PLCy, p-PLCy, CaMK Il a, p-CaMK Il «, CREB, and p-CREB were
significantly increased in the model group (P<0.01). Compared with the model group, these protein expression levels were
significantly decreased in the high-dose Sargentodoxae Caulis group (P<0.01). Conclusion: Sargentodoxae Caulis alleviates NP
by downregulating the BDNF/TrkB/CaMK Il /CREB signaling pathway, thereby inhibiting neuronal excitability and central
sensitization.
[Keywords] Sargentodoxae Caulis; neuropathic pain; neuronal excitability; central sensitization; brain-derived
neurotrophic factor (BDNF )/tropomyosin receptor kinase B ( TrkB)/calmodulin-dependent protein kinase Il « (CaMK Il a)/cAMP

response element binding protein (CREB) signaling pathway
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A hiERE R AR, R 18 0.2 Pas R H Full scan/
dd-MS? £ 3 R 4 B4 | Full scan 2 50 : 43 BE 3R 70
000, H 2 % 45 % &1 H ¥5 1x10°, iz K B &5 W)
50 ms, 5 faf b 1486 75 [ 100~1 500; dd-MS* 2%k . 5>
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LUK 25 S B B 1 T A B R e R L B L
FH & 5% RS 0585 (9 TBST (B B Ui ) 13 960 58 i — 8L
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W38 L R W3R 1), ERAIFHEE S HEE AIAKEY FER BEFLMLEY.

R1 KMBEERSERE
Table 1 Identification of active components of Sargentodoxae Caulis
No. [atx?] t,/min T A m/z S E m/z & sy T BRI /6
1 i m 0.787 1 175.119.0 175.118 9 [M+H] CH,N,0, -0.11
2 A ZF 0.8227 381.079 4 381.079 1 [M+K]' C,H,,0, -0.74
3 72 JE 1A B 0.840 5 162.112'5 162.112 4 [(M+H]" C,H,,NO, -0.61
4 REBE 0.845 1 387.114 4 387.113 8 [M+FA-H] C,H,,0, -1.66
5 HEE=5 0.858 3 487.165 7 487.165 8 [M+H-H,0]" C,H,0, 0.11
6 D-(-)-ZE T 0.894 7 193.070 7 193.070 8 [M+H] C,H,,0, 0.71
7 AL 09125 705.185 1 705.184 8 [M+K]" C,,H,,0,, -0.29
8 KA 1.238 6 711.220 1 711.219 8 [M+FA-H]" C,,H,,0,, -0.46
9 R Pt 12735 123.055 3 123.0557 [M+H]' C,HN20 3.18
10 PR 1.386 1 243.062 2 243.061 3 [M-H]" C,H,,N,0, -3.77
3.2 MKZyPRZMF5 i id Swiss Target Prediction 10 5 47 AT AL 2> #7 . KEGG & £E 4y #r 4 1 WoR

B T A5 B K o R B 138 Ff Ak 2 B 4 X I HE A
8131 . M GeneCards. OMIM % 3 % 2L 7 Bt NP
AH A 5 3 257 4> fliFH Venny 2.1 7E 28 T. 2.3k 1%
KL J7 NP 7 76 /R FHE 22409 4> o % Kl ik
£ FH T NP (1 409 1~ ¥ 75 /F H #8250 % A STRING #%
J5 45 F) 408 AN 5 10 127 451 i PPL W 4% . AR 48
Centiscape 1Y #i fh Z %0 degree 429.245 1,
betweenness 0.001 2. closeness 49.642 2, i 3% 1
T4 B0 BN B R P & IR s TR TR A2 IR 2
(NTRK2) 51 Ji % it A6 45 B 2(PTGS2) (I 5L
sy E A R ¥ A (mTOR) | & M ¥ ¥ Bl
(Aktl) 22 )55 46 & H B 1(MAPK )45, GOZE
V) fe w4 A B R R I R A A S S T R
TG SR 35 P s g PR S 3k ) B R T B R 1k
B IE JE 45 RNA A Bl 11 4% 5% I P8 1 55 585 5 A=)
1L AR (BP) , 20 5 1 4% JR] DX 3k 40 A 5 4 2K P R
BAEY A0 AT 87 AR A AL 43 (CC) , BifF 45 A
UG 4 & R B R RIS 2 RN
W25 A AF 169 4 T U RE (MF) o 43 5l X R

F2 KMEX CCIKBMWT RN (x+s,n=8)

Table 2 Effect of Sargentodoxae Caulis on MWT in CCI rats (x+s,n=8)

KL IR T NP BV S 208 5 T 165 %3 i, PE I
550 2 VAR C 19 10 2545 5 i i 47 ol WAk, 222
A48 P 2278 37 R -5 5 A% e I W s Ik JUL I 338
fitf (PI3K)/Akt {5 5 i H \MAPK {55 53 [ \Ras 5 5
[ G AE O B A o DL B SR R R R R

3.3 KIMEEX CCI KRB WMT . TWL 52 m
PEAR R i B X CCT R R B fE A, F CCLAR AT,
ARIG3.5d XY TR 3.7.11.14 dXF 45 41 K
HEATMWT Je TWLI E o AT 58 F R4 B
AR MWT S TWLAE L3 25 R T4 it 3
RIGH S K, SHFARL L FHBHKRMWT &
TWL {5 & & A% (P<0.01) . 5% T #i )5 7 d T
f L SRR AL A PGB 4 K K i A L v L R A
KEMWT &2 T8 (P<0.01) . 25¥) T His 11 dJF
G, SR A LA PGB 4 K A I e R L R ALK
BUTWL i 3 i (P<0.01) . WE 2. %3, BLUIK
I 7 R % Wk 3 2k 3% CCIAE 7Y 5| J iy AL AW o 2o 50
ARG i 3 A, L DA A ot e s 0 e 2 R AR e
LTS

21 5 Fl /g kg Al Ai3d VNERR! $23d BT d %eh11d %52514d
BF A4l 63.50+1.11  64.00£1.25  64.30+1.25 64.52+1.91 64.74+1.39 65.96+2.21 65.64+1.95
TR 2 61.97+1.85 33.5142.55” 33.98+1.47°  32.02+2.46% 30.78+3.41% 31.26+2.80% 29.6243.49%
PGB 41 0.03 62.62+1.78 34.97+1.74” 32.98+1.78”  35.45+1.19>%  39.18+1.26>%  41.38+1.08>%  44.03+1.19>%
K L -L 4 1.35 62.33+0.59  33.79+4.89”  34.03+2.37"  33.60+0.96% 36.63+1.39%%  40.02+1.52>%  40.57+1.77*%
KL HE-M 21 2.7 62.18+1.64 35.07+3.93”  33.47+1.81”  33.60+0.70” 38.44+1.11>%  41.43+1.80>%  41.95+1.01>9
KL -H 4 5.4 61.94+1.81 34.6242.73Y  32.38+1.54”  35.63+1.59%%  40.01+0.99>%  43.04+£0.97>%  47.60+1.03*%

TE ST AL A Y P<0.05,2P<0.01; 5 HEI 4] 4 > P<0.05,% P<0.01(3£ 3-% 6 7))
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#®3 KMEEX CCIKR TWLH M (x+s5,72=8)

Table 3 Effect of Sargentodoxae Caulis on TWL of CCI rats (x+s,n=8)

21 5 Fl 4 /g kg A Hi AJ3d AJEsd 4253 d 2%257d 42511d %25 14d
BT AR 4 16.6840.87 16.59+0.10  16.67+0.83 16.41+0.81 16.41+0.92 16.65+0.86 16.83+1.05
(R 16.74+0.10  11.26+1.117  10.60+1.37*  10.49+1.31> 11.10+1.13% 11.10+0.54% 11.67+1.02%
PGB 4 0.03 16.73£2.26  10.43+1.017  9.63+1.44*  10.80+0.85 11.74+0.68> 12.44£0.81>"  14.52+0.86>"
K i JE -L 41 1.35 17.10£0.54  11.04+0.96”  10.64+0.74*  11.13+1.03? 11.67+0.69% 11.62+1.34% 12.32+1.31%
Kl -M 21 2.7 16.96+1.32  10.84+0.34”  10.72+0.38”  11.73+0.91% 12.10£0.75>%  13.02£0.74*"  13.69+0.66>"
R I B -H 41 5.4 16.95+1.29  10.99+0.72”  10.33+1.54%  12.32+0.78%%  12.43+1.11>Y  13.42+0.80>%  14.21+1.00>"

3.4 KIMEEX CCLk BUA B

2 21 c-Fos M NK-1R 3%

IR BFSE W c-Fos J& M 22 J0 X4 o5 M ik
BT NK-1R A9 5% S 8 284k W 2 5 1 9508 P X
LW K S Yy

ﬁg QX EE %,nl- ﬁﬁ'ﬁﬂm'”:

CCIARM L, B

B, ‘31&?*% ttisa 7Y 2 5 i 2

JE R AR 1) 1 R A L Y

ASBIE 5 2R I B 5 %€ D A

2171 c-Fos M NK- lRi'%
i c-Fos 5

o HER

NK-lR%%l_ii]E%}h%(P<0.0I);Qfﬁiﬂéﬂ e, K
I A -H 20 55 A0 4H b c-Fos 5 NK-1R 3 15 2 25 B AIC

(P<0.01),

ORI E % 410 14 5

TRUIEZ

W1 #F4, D EGTR—ERE ERR
e P S X AL

WA BRTARM B AR ;C. K IfL#E-H 2 (B 2 [ 3[F)

B1 KmEEx CCIKRE

%G, x400)

B% c-Fos NK-1R & B K ik ¢

w0 (HE

Fig. 1 Effect of Sargentodoxae Caulis on c-Fos, NK-1R protein

expression in spinal cord of CCI rats (IF,x400)

3.5 RIMBEXT CCIK L BDNF/TrkB/CaMK I /CREB

I A DG I R A

E/
ol

Wi SRR LR AR AR

F4 AMBEN CCIAREH c-Fos NK-IRE A RIXHHID (r+s,
n=3)
Table 4 Effect of Sargentodoxae Caulis on c-Fos, NK-1R proteins

expression in spinal cord of CCI rats (x£s,n=3)

21 51 4k /g- kg c-Fos NK-I1R
P AH 0.001 1£0.000 1 0.001 80.000 4
AR 2 0.002 620.000 22 0.011 5+0.000 7%
K I -H 41 5.4 0.001 6=0.000 1¥  0.005 6+0.001 1*

fl BDNF, p-TrkB. p-PLCy. p-CaMK Il . p-CREB,
TrkB .PLCy.CaMK Il a,CREB ¥ % [ % ik /K F &
FHEIN(P<0.01) ; K i T 11 14 d J5 , 5 AR L
A, K g w77 4 K B BDNF  p-TrkB . p-PLCy .
p-CaMK II «, p-CREB. TrkB., PLCy, CaMK I «,
CREB 4 /K- i BRI (P<0.01) . W35 & 2,
3.6 K I B X K B B8 p-TrkB. p-PLCy.
p-CaMK Il a.p-CREB ik [ 5 M 5 5 L 45
o, 5 R TR R, B4 K B p-TrkB.
p-PLCy .p-CaMK Il o .p-CREB %K [ ¢ 35 /K - i %
(P<0.01) ;4214 dJ5 SHEATAH R B4, K
e =5 7 & p-TrkB . p-CaMK I o, p-PLCy.p-CREB %
25 K i 2 PR (P<0.01) . ILIEI 3.3 6.

3.7 Sy FXbEE ORISR I P 4> S5 NTRK2 [H]
1) BB AR, R 4 1 X 248 7 16 1 43 55 NTRK2
] ) A FH S, 25 SR R 20 50 R 7 Tl 5 AR R L
R % MhE 2 E I NTRK2 A B 1456 77,45

5 XMBEI CCIAR % 8 BDNF/TrkB/CaMK Il /CREB i B8 1 X & 5 RE MM (rts,n=3)
Table 5 Effect of Sargentodoxae Caulis on expression of proteins related to BDNF/TrkB/CaMK Il /CREB pathway in CCI rat spinal cord

(x+s,n=3)
2 41 Flt /g kg BDNF/GAPDH p-TrkB/GAPDH p-PLCy/GAPDH p-CaMK I «/GAPDH  p-CREB/GAPDH
B F AR H 0.314+0.045 0.072+0.009 0.098+0.019 0.231+0.007 0.195+0.011
ML 4] 0.661+0.048> 0.315+0.028” 0.459+0.019% 0.596+0.029% 0.658+0.007>
K IfiL E-H 41 5.4 0.504+0.024" 0.181+0.017% 0.284+0.007% 0.406+0.016* 0.399+0.021"
2190 il /g kg TrkB/GAPDH PLCy/GAPDH CaMK Il «/GAPDH CREB/GAPDH
BT AR 4 0.403+0.034 0.297+0.026 0.420+0.030 0.42120.056
AL 0.691+0.043% 0.569+0.030” 0.702+0.024% 0.792+0.045>
K I B -H 41 5.4 0.503+0.032" 0.399+0.009" 0.542+0.008" 0.586+0.038%
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BONE - - — FUA AR AT L
28kpa  PLCY 148 kDa R S Ak , e
AR e AW RIS RN RIS B2 R
o SRR 5200 povcr [N uon O HHIEHIY SUTSL B B RLAE i
- - PR 4 L2 w2 SRS BN, fir s SR B
p-TrkB 90kDa CREB 44 kDa o
THE 0 1) 4% % 5% I 1~ -k B (NF-«B)/NOD £ 32 1A 25 11 3
cavce (RS 5110 poven [N 1sio  (NLRPS) A S 3 1 B BE 5 10
- - P UN VST TSRV PSRN Sl AR
p-CaMKIl 50 kDa GAPDH 36 kDa . s
ABFFE I K KA AH BT 8 BURAEH -

A B C A B C
B2 CCIXR %8 BDNF/TrkB/CaMK [l /CREBEHBAEZER R
2R
Fig. 2 Electrophoresis of expression of proteins related to BDNF/
TrkB/CaMK Il /CREB pathway in CCI rat spinal cord

p-TrKB

p-PLCY

p-CaMK Il

p-CREB

B3 kM3 CCI X R & 8 p-TrkB. p-PLCy. p-CaMK Il .
p-CREB ZE B RIERFM (FHPEHEE,*400)

Fig. 3 Effect of Sargentodoxae Caulis on expression levels of
p-TrkB, p-CaMK Il @, p-PLCy, p-CREB proteins in spinal cord
of CCI rats (IF,x400)

A REIMRT -6 kI mol™. UL 5E H1 R B A4k}
4 itig

P25 5 BEPE 0 th B AR SO A & R G
Z T A8 KA 51 & i AR SOk B A S S R AR
FERFLE A CEEDLH . BB B R % B AY NP — 4k 24
IR E R A R, HW AR E AR RN .
R I e 2 B P R 0 R 24 DO R ) A 2 A =2

Ry VEAS K I B X CCT R B BRI R, T CCI
ARHGL, ARG 3.5 d X258 % 3.7.11.14 KX 45 4
KERHEFTMWT K TWL I 2 o 45 53 W K afi 7k g
0 Ml 5 NP R R A A, 22 f R ve ik B, W
Bl K I e 1 50 NP A 24 280 o &L Al £ 1] UHPLC-Q-
Orbitrap HRMS 5 A 4] K il e Ak 27 B 43 iE 47 %8 , 38
K i 138 AN 4% AL R 40 5 KA T R B AR K
Withe B Ml 2 B R F 2R ER S . R
FEE LA 1 IR e T 4 S HE I 22 T o LA B
BUR BT RAEH R L 7E NP iRy T 3R AL T 4
F LA F A 5T B R 1S R AT R aE R 0 )
Ty TLR4/NF-«B {55 5 3 fif ok 36 NPV, 72 2 i R[]
(1 NP sl P A5 80 v | 25 A 2R 5 A 10 o Ao 8 2R b 2 o)
TONP Rkt M e 3 Rl R A Y
B 2 A A ) e mT DL ] AR L 7 R R
S0 b 2R B R T Ml R R AT A Y-X
A 08 00 1) 5 I 200 0 950 B UK R A 28 oT % Ay, AT 28
il 28 A2 B 2 B R . DR R R R
PR T B R YT E AL AE F SR A R BB 28 B
P T T B S o 4 e BT A IR R E, S IR
PERMEA B Ak B4 LR MERY. L
S5 OR KL A AT BE A A DL b T R 40 2R A CCI
R R A 22 HHPE PR

N FR G BIE 5T K ML T A5 CCTARE R v A 4200 AL 71
AR BIF 5 B F W 45 2 B A O ok ) T NTRK2 (4 5
TrkB & H 19 3£ ) & T H NP % D 2 — . #F
FEIF 52 BDNF/TrkB {5 53 % & NP+ M S £k i) 56
Je s & A JE w2 5 40 5 5 B0 BDNF B iF A
B MAEE SR MG BE L TrkB Z R 454, 1

#£6 KIMAEX CCIARZBE p-TrkB.p-PLCy.p-CaMK [l a.p-CREB B B R A RN (x£s,n=3)
Table 6 Effect of Sargentodoxae Caulis on expression of p-TrkB, p-PLCy, p-CaMK Il a, and p-CREB proteins in spinal cord of CCI rats

(x+s,n=3)

21 51 F /g ke p-TrKB p-PLCy p-CaMK II p-CREB
BFAR4 0.003 1£0.000 24 0.002 5+0.000 40 0.013 5+0.001 89 0.001 0£0.000 13
T 241 0.009 8+0.000 59 0.006 8+0.000 17 0.028 5+0.001 27% 0.003 9£0.000 14%
K #E-H 4 5.4 0.005 4:0.000 38" 0.003 7:£0.000 18" 0.019 4+0.001 17¥ 0.002 1£0.000 31%
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Xof IR B BBUREPE Y . BDNF 15 TrkB A9 45 & 112 gk H:
TR A R A . T KA TrkB R RO E 30T 8
P& Ak PLCry , {2 i 2 o7 28 Jo J8E , 4% e g 1k UL B2 4, 5-
T BERR [P1(4,5)P2 ] 24 B H IH R (DAG) Fil LB
1,4,5-=§mR (1P3)", IP3 it 5 IP3 52 14 (IP3Rs)
54 il A ML Ca BE T . PN Ca™ Wk FE 3 i, 2 1M
WOE S JH R B S S B /A5 JH B 1 (Cat/CaM)
CaMK Il (9 W7 B {45 &, il & CaMK 1T 1 F IR 1 19
0 R A VAN D (i N Sl E IE= 7 F A
p-CaMK II o fi fifi CREB - i2 ft. 1M 7% 1k CREB.
p-CREB 5 J&3 8l 745 & , {#f c-Fos % R ik, M1
Gl K& EIGRN . CREB 1] 4 22 i & g A1 56 3 (K
c-Fos. 40 it Jun 2 M (c-Jun) . NK-1R . 3 & & [ -2
(COX-2) % 1t 5% , 3X 26 CREB 4 5 9 5 A &% 5% A1l
FIRBSEH THI PR & R RE, = 2k
) 12 R A B AR B 2 A A SRR TR 45 R
SR AT R BEZH 21 c-Fos NK-1R Rk i 3
BN, R i g s AR T T 2 PR ARE BB 412 c-Fos.
NK-1R B F ik . Western blot X IF 5k 45 R B, 5
i F AR 4 Lb B, A R 21 45 46 2H 21 h BDNF, TrkB,
p-TrkB. PLCy. p-PLCy. CaMK Il «., p-CaMK I «,
CREB .p-CREB ik It # F+ 5 ; S BB A L, Kl
EmAEAERAL P ERA RS D ERMK.
DA b &5 S 4 7 K i g T R 2o 8 45 NTRK2 D)0 il
BDNF/TrkB/CaMK Il /CREB {55 5 il % vf — 4 [ i
P28 70 24y P K AR BAR IR 2 22 A NP AR

g5 iR A B 5 3 W1 O I 7 fiE ] 5 b 0 NP
KPP A . L2530 o BE Al AT R R 21 5 KA
TR AR MR M R E R M O
B4 o HAL I AT GE 2 3 i 40 il BDNF/TrkB/CaMK
Il /CREB {55 *5- 38 % i i Fae AR A 28 0 2% A M B R
T IR B G2 i NP IR o AW AEAE — € I R BR A,
H T H 41 % BDNF/TrkB/CaMK [ /CREB — 4% fi% ik
A7 T B, 6 T 243 5 22 ik A8 208 R 0I5 9T 5 2N
FER BRI TEATIA A W, AR 53 % 2 700 7y
TG PR A3 % NP B VR AL 7 30 o Db K I e 1)
TWETEVE FIPLHIAN &5 3 — D428 SR % .
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