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$A: R D XA F AN B EHHK R NF-«B/CBS-H.S 15 5@ B 50
5B, P, AUMAR
CET M b B2 24 R 57 58 — B R B e BRI A, BEFH 550003)

WE B RT4EER D AL E WA O ESG (CCD KR SGE 1R I LA %
T «B (NF-xB) /BtHifi-B-4H (CBS) —mifbE (H.S) RSGMFETIEH. H¥E 50 X
UL RPN A E R A B BB 4EA 3 D 4. BuE ARSI+ 4R R D 4,
B2 10 Ko BRXTRRZHAN, HARARRIEE S AL E MA@ CCIAAY, 4435 D 4K
JEEST 500 me/kg 4EAFR D, OS4SR NF-«B BUG AR 2 0% 10 mg/ke, BUE
Al+4EAE R D AR B IE S 500 mg/kg 4E7E 3R D, [RINVESS 10 mg/kg fEZHE, % AL AL
TR RGeS S S AR B R K, 1 IRR, HE4E 2 o e 4R R AR AR J2 SO AR
(PWTL) . HUMZE 2 B{E (MWT)  KEHRIES K 25-F24E 4 2 D;[25 (OH) Ds]7KF-

HoS &8, KB L4-L6 HRM& TR, RAEKAMH KL (CGRP) . HiZIRE E2 (PGE2) /K
F. KB L4-L6 B B4 K D %4k (VDR) . NF-«Bp65 fl CBS KL E. R 5
XTHRALEb A, ALK R PWTL Al MWT. 25 (OH) D3 /K°F-LA K VDR 2K A RiE B,

HoS %% . CGRP #l PGE2 /K F-LLJ% NF-kBp65 Fil CBS & HEEEHTHE (P<0.05) ; 5
PRI LA, 4E2E R D 40K PWTL A1 MWT. 25 (OH) D; /K°F-LLK VDR &EHRILEY
T (P<0.05) , HoS & & . CGRP Al PGE2 /K°F-LL K NF-kBp65 Il CBS & A #is &L
ik (P<<0.05) ; HEUERIAHE, Bubm+4EER D 4K PWTL A1 MWT. 25 (OH) Ds
KF-LLK VDR EEARIEES T E, HoS %582, CGRP 1 PGE2 /K-F-LL & NF-kBp65 fil CBS
HARIBEWRIK (P<0.05) ; S44EF D 4, #ism+4e4ER D 40K PWTL M
MWT. 25 (OH) Ds;/KF¥-PAf VDR EEFEELFEIC HS &8, CGRP 1 PGE2 /K-F-LL
J NF-kBp65 Al CBS EEARLEYTIIE (P<0.05) . & JMNEMAE4E4 K D TR
CCI KR FHEAI, AR Eust:, Fonrae s id #f] NF-xB/CBS-HaS 15 5l B R AF

e
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(Dept of Anesthesiology, the Second Affiliated Hospital of Guizhou University of Traditional
Chinese Medicine, Guiyang 550003)
Abstract Objective To investigate the ameliorative effect of vitamin D on sciatic nerve chronic
compression injury (CCI) rats and its regulatory effect on nuclear factor «B
(NF-kB)/cystathione-B-synthase (CBS)-hydrogen sulfide (H.S) system. Methods Fifty rats were
randomly divided into five groups: control group, model group, Vitamin D group, activator group,
and activator + vitamin D group, with 10 rats in each group. Except for the control group, the rats
in the other groups underwent sciatic nerve ligation to establish the CCI model. The vitamin D
group received intraperitoneal injection of 500 mg/kg Vitamin D, the activator group received
intraperitoneal injection of 10 mg/kg NF-kB activator lipopolysaccharide, and the activator +
vitamin D group received intraperitoneal injection of 500 mg/kg vitamin D along with 10 mg/kg
lipopolysaccharide. The control and model groups received intraperitoneal injection of an equal
volume of saline, once per day for 2 weeks. The following parameters were compared among the
groups: paw withdraw thermal latency (PWTL), mechanical withdrawal threshold (MWT), serum
25-hydroxyvitamin D3 [25(OH)Ds] levels, H2S content, calcitonin gene-related peptide (CGRP),
prostaglandin E2 (PGE2) levels, and the expression of vitamin D receptor (VDR), NF-kBp65, and
CBS proteins in the L4-L6 dorsal root ganglia of rats. Results Compared with the control group,
the model group showed decreased PWTL, MWT, 25(OH)Ds levels and VDR protein expression,
while HoS content, CGRP and PGE2 levels, and NF-kBp65 and CBS protein expression
significantly increased (P<0.05). Compared with the model group, the vitamin D group exhibited
increased PWTL, MWT, 25(OH)Ds levels and VDR protein expression (P<0.05), while H,S
content, CGRP and PGE2 levels, and NF-kBp65 and CBS protein expression significantly
decreased (P<0.05). Compared with the activator group, the activator + Vitamin D group showed
increased PWTL, MWT, 25(0OH)D; levels and VDR protein expression, and decreased H»S
content, CGRP and PGE2 levels and decreased NF-kBp65, CBS protein expression (P<0.05).
Compared with the vitamin D group, the activator + vitamin D group showed decreased PWTL,
MWT, 25(0OH)Ds levels and VDR protein expression, while H,S content, CGRP and PGE2 levels,
and NF-xBp65 and CBS protein expression significantly increased (P<0.05). Conclusion
Exogenous supplementation of vitamin D can relieve nerve pain and reduce pain sensitivity in

CCl rats, possibly by inhibiting NF-xB/CBS-H,S signaling pathway.
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A A28 e P AT ) 5% 45 5 RS PR A/ e 2 B PR AR, R IR R | R R R
AR, T E AT R MBI R R M 2 2 BT R A, Tt B WM. FHRE
RIRIT 2 MR R #OR 2 — . LA (HS) 1EASBES ST, 25 RRER M.
ML EF AR AN A5 BAL ISR, H AT N ETE HoS £ BA g i 2 — 2 i i I i ik
-B-# M (cystathionine-B-synthetase, CBS) , HFZREFHMAPLT . FhELGHL ., wf
FBIR B CBS-H,S B fE M &M b R E EEAEH . #IKT «B (nuclear factor
kappa-light-chain-enhancer of activated B cells, NF-«kB) F& i 4 K M R ek (5 5, #FE
KILNF-kB 5 CBS ik B2 50 s K SN . 48423 D 2R A A5 B4 QI 5%
S ST, HE R ES 5 ROE A RS R0 4842 2 D % 4K (Vitamin D receptors,
VDR)J VZ 53 A T A LR R Gt o SCHRTRGET 12 42 36 D 2 VDR TE V5 P00 R B E T
A RE 5 M RE G IR E Sl B A DA G . AT, H AT D RHESE R 4EE R D X
TRBEER IR, RN A . Bk, AW EERW 4R R D &S iy
NF-kB/CBS-H2S {5 5 % 75 AL B #4818 P 1 38 1451477 (chronic constriction injury of the
Sciatic Nerve, CCI) KRH KIERY1EH -

1 MEATE

1.1 LY (@R SD KR 50 K, 8 WS, A 200~220 g, W H b4k
MBI ARG IR AT, AP AHES SCXK (51D 2016-0011, Fal77 1Al {F45 = P i
FE (2242) °C, 12h HIREACE, HHKEYOK, URE 50%~60%, &M IEWTE 3 d f5ik
AT . BT SEXG IR A N S 26 K25 IR R B AR FE 2R R A5 R (4 5: 2403423) .
1.2 FERARXBE  25-8 482 % Ds[25 (OH) D3] (3£ AdooQ BioScience A, %5
A10941-5) ; FIFIEE E2 (prostaglandin E2, PGE2) ELISA iR/ Fl 445 25 5L R AH O Ik
(calcitonin gene-related peptide, CGRP) ELISA X5l & ( LIEEFE AR A R A, 185
ml003859. ml002772) ; AEZ 4 (3E[E Sigma-Aldrich A &), %5 : L2880-10MG) ; NF-kBp65
TP, CBS EEPUAE (JEE Abcam AF], 1%'5: abl6502. ab37880) ; i (Jbi

KEMEDFEAREGR AT, Tt'5: ZB2301) ; Von Frey MlJE {CAEHMIIEA (B : VF-4,



TF2, REWEFRERE AR TR AR « LI (35 HD-UV90,
1 2R e T R B TR BR A D

1.3 A S SLWME 50 HORRBEHLIEE 40 FObTidE R, BARIEW T Pk
ELLEZ4h (15~40 mg/kg) JBRIF, MFEMRLIE E T BUAR L, A5 IBORRR e 40 5 -1
AT VITE B, 4 B UL AL LRI AR B A 2 S, FEANZE 32 BAKIRIIRS 1| mm BEAT 45
FLo LS5 3 b, SRR T R UL BEE S Eh I R g LR . RJE KRB B b &
Ak RECGH, ATERRELSER. BAT, WOWBAEIERT), 55 10 KRR
AREIREE, ARGl KGRI R BB AL, AEAE R D AL O LA 7+
girER DAL, MU 10 W, REMTAEMELILIN 10 HOKEAE R AL

14 FHAR ERUGE 1| KA, 445 D 4K RILIR 500 mg/kg MEES 44 R D, B
TR R ILIR 10 mg/ke MEITEEZHE (NF-«B #UEHD , Bosml+4e4 % D AR S
R/ R D A RBIE R &, B 4E A 3 DR 20, X RR A RIS AL 20 K R s i
SEEEAIEIK, 1 00d, &L 2 .

1.5 HHIE4E E RENEMRE (paw withdraw thermal latency, PWTL) W 4 HI1E AR T
AR5 5. 104 14 d W] TE2-SGHGIIR A, K D't £ nOR e R SR A e IR 5 o SRR, 18 s A
TGRS 2K RIS G R AR 1], SEIRE R 6 K, BHRIAINE S min, HUFEE K R
70 RS R

1.6 HUW4E & R 5TBI{E (mechanical withdrawal threshold, MWT) JsE  4»HI#E R FTATAR
J& 5+ 10 F1 14 d i, {8 A HT Von Frey Ml A& K B MWT, Rl iR S AR f= 15
BN B B, 2OR R D0 R AR B A TR 1 R E e S A B
HENE 6 K, BCEFHEN MWT.

1.725(OH) D FEMWE /A HTERFAASS 5. 10 FI 14 d B, REKFRARAESHK ML 2 mL,
SE L, ELISAVERIMIE S 25 (OH) D3 /KF-,

1.8 HoS FEWE HHERAARSE 5. 10 A1 14 d B, REKXRIRIEF: KL 0.1 mL Tt
BEE T, FEAIIAN 0.5 mL 0.1% LR EE, SRJA 70 AN 0.5 mL N,N-—" LR oK -l £h R
A =&k, FIREE 10 min, FEIIA 0.5 mL 10% =5 ZER A 2.5 mL 248K, IR IR,
4 000 r/min 0> 10 min, B EJFEB, FIHEEETHIE 670 nm AERIWRIEREEAE, HRIEIRHE
2k T A R HoS WK

1.9 KEERMEH FB BB AKFRR AR5 14 d, B3R E R L4-L6 B

;%:,
A, BFEE, 4°C 12 000 r/min 250> 10 min B _E 5, HRHE R0 S B I o R4S 25 3



BRIAHSGHK (CGRP) MRTHIRER E2 (PGE2) 7K-F-
1.10 FEHEZERN VDR, NF-kBp65 fl CBS EAXEZE A5 14d, BUKR L4-L6 Bl
BE2I2K, 4 °C 12 000 r/min B5.0> 10 min, HU &M, BCA 7 & E & HRE . 50 pg A
FESHEEAT PR AR, B 1 h 5, VDR. NF-xBp65 Al CBS & FHik (1:1000) 4 °CiF#E

MR, ZhL (1:5000) =EFE 1h, Pell, BECLILEM, Imagel S Hraciii KM, HHH
MRk,
L11 ETH3A08 SR A SPSS26.0 B AT R /M, BT AT MU 3 745 5 IE S 00, SR C xes)
TR, ZRERYBURILCECR F SRR R 7 Z 007, FIE P HLECK A LSD-r ki, 5552 & %
FLR B AL T 2 08 P<0.05 NZERA G558 .
2 &R
2.1 PWTL Al MWT JUSES R #4 KR PWTL fl MWT 26 AR R ELEE, 2 7 B 88T 38 (P
>0.05) . FLBERFEHERS, MR, e % D 4. IS4l BaE 4R R D IR
PWTL Al MWT B B FRAK. SxFREA LR, BRI PWTL A1 MWT £EA 5 &[] 53
BIFEL (P<0.05) 5 SHEAIALE:, 424K D 40K PWTL Fl MWT 76 A J5 %1 8] 25 35 FF
m (P<<0.05) ; H54EEER D AR, BosH+4E4E R D 40K PWTL Al MWT 7EAR 5 % i
] BIPEAR (P<<0.05) ; SUEMALEEL, Womm+4EE R D 400 PWTL Al MWT fER
JE AR S TR (P<0.05) o W& 1. % 2.

F1 FHKK PWTL REEEEIERE ( x5, s, n=10)

Tab.1 Comparison of PWTLof rats at different time in each group ( X£s, s, n=10)

Group Pre-operation 5 days 10 days 14 days
post-operation post-operation post-operation
Control 25.66+3.45 25.80+3.17 24.08+3.14 23.46+3.53
Model 24.78+4.05 18.53+2.13% 15.2442.22%x 11.66+2.40%*
Vitamin D 25.77+4.28 23.84+2.06% 19.53+2.17% 16.55+2.41 ¢
Activator 23.96+3.41 15.22+2.29% 12.74+2.05%% 9.32+2.43%c#
Activator+Vitamin D 24.33+4.22 21.4442.03%4 17.34+2.30%24 14.2242.15%¢a4
Fvalue Flime effect=62.560, Fgroup effect=107.300, Finteraction effect=5.583
P value Prime eftect<0.001, Pgroup cttect<0.001, Pinteraction effect<0.001

*P<0.05 vs Control group; *P<0.05 vs Model group; 24P<0.05 vs Vitamin D group; 4P<0.05 vs



Activator group; *P<0.05 vs same group pre-operation; °P<0.05 vs 5 days post-operation; °P<0.05
vs 10 days post-operation.
£2 FHKXR MWT REEAFEE  xss, g n=10)

Tab.2 Comparison of MWT of rats at different time in each group ( xts, g, n=10)

Group Pre-operation 5 days 10 days 14 days
post-operation post-operation post-operation

Control 40.47+4.65 42.85+5.24 42.77+5.25 39.7145.63

Model 40.66+4.12 30.54+4.81% 23.88+4.27%x 19.9144.4220¢x

Vitamin D 41.98+4.53 38.19+4.07% 33.40+3.46% 27.55+4 .31 30+

Activator 42.62+4.24 25.41+4.76% 19.46+3.57%+ 15.99+3.06%<

Activator+Vitamin 39.99+5.60 34.15+4.33%4 28.19+4.41%24  24.85+3.61%Ca4

D

F value Flime effec=111.900, Faroup effec=73.290, Finteraction effec—10.640

P value Plime efrect<0.001, Pgroup efrect<0.001, Pinteraction effect<0.001

*P<0.05 vs Control group; *P<0.05 vs Model group; 2P<0.05 vs Vitamin D group; 4P<0.05 vs
Activator group; *P<0.05 vs same group pre-operation; °P<0.05 vs 5 days post-operation; °P<0.05
vs 10 days post-operation.
2.225 (OH) D7k FRIESR  SXTRAE, BRARRAS &R A 25 (OH) Ds
HKPBIFER (P<<0.05) ; SFHMAHLE, 4643 D A RRARGE&DHE A 25 (OH) Ds K
TR (P<0.05); 5443 D H LR Wud +4E4E 3 D A KRR S %A a] 55 25COH)
Ds /KPHFRR (P<<0.05) ; S¥GEFIHHE, #usA+4e4 R D KBRS & IHE AL 25

(OH) D3 KFETHE (P<<0.05) . ARFT&HARRIMIE 25 (OH) Ds KV LA, ZRITHit
RN (P>0.05) . W& 3.

£3 FHKRIMLTE 25 (OH) D3 /KFHE ( xt5, ng/mL, n=10)
Tab.3 Comparison levels of 25(OH)D; levelsin rat orbital venous blood in each group

( x£s, ng/mL, n=10)

Group Pre-operation 5 days 10 days 14 days

post-operation post-operation post-operation

Control 74.26+6.69 77.66+7.25 75.344+7.95 77.80£7.36




Model 77.38+7.52 492445112 41.85+5.88%0+ 33.69+6.55%¢

Vitamin D 76.14+7.90 64.79+5.43% 68.96+6.71 72.7945 2320+
Activator 76.89+6.25 36.24+6.51% 29.53+6.22%# 24.90+6.1120#
Activator+Vitamin D 75.83+7.44 56.74+6.85%4 60.29+6.44%°24 67.85+6.27%caA
F value Flime effec=117.300, Faroup efrect=186.100, Finteraction effec=28.970
P value Prime efiect<0.001, Pgroup effect<0.001, Pinteraction effect<0.001

#*P<0.05 vs Control group; *P<0.05 vs Model group; 4P<0.05 vs Vitamin D group; 4P<0.05 vs
Activator group; *P<0.05 vs same group pre-operation; °P<0.05 vs 5 days post-operation; °P<0.05
vs 10 days post-operation.
23H,S FRWEER  SXHEALLEL, BIAH KRGS S HoS & &5 7HE (P<
0.05) ; HIRMAILLE, 4EEZR D 4UKEAR S A HoS S EHFIR (P<0.05) 5 5
Y3 D AR, Bum AR D A RROAR)E % ANE A HoS & & TR (P<0.05) ;
HRiE AR, BomE+ 4R D ARRARE A A HoS S EHEK (P<<0.05) -
ARAGAKR HoS S, ZRESITFEX (P>0.05) . 1K 4.

#F4 FHKRRILE HS SR ( x5, pmol/L, #=10)

Tab.4 Comparison of H:S content of rats in every each group ( X£s, umol/L, n=10)

Group Pre-operation 5 days 10 days 14 days
post-operation post-operation post-operation
Control 6.28+0.74 6.7540.65 6.19+0.44 6.80+0.65
Model 6.9340.55 23.8442.65% 20.90+2.53%0% 15.67+2.33%¢x
Vitamin D 6.34+0.46 18.45+3.11% 16.78+2.04% 10.19+2.42%¢#
Activator 7.19+0.77 26.51+2.19% 23.49+2.36% 20.31+2.50%
Activator+Vitamin D 6.81+0.43 20.69+2.15%4 18.08+2.12%44 12.54+2.07%ca4
F value Flime effect=424.700, Fgroup effect=264.600, Finteraction effec=32.140
P value Pime effect<0.001, Pgroup efrect<0.001, Pinteraction effect<0.001

*P<0.05 vs Control group; *P<0.05 vs Model group; 24P<0.05 vs Vitamin D group; 4P<0.05 vs
Activator group; *P<0.05 vs same group pre-operation; °P<0.05 vs 5 days post-operation; °P<0.05

vs 10 days post-operation.

24 FERMBIRMFKFUEER  SxBaAtbs, A4 K CGRP Al PGE2 /KFH 75



(P<<0.05) ; SHMALLEL, 4EEFR D 4K CGRP Hl PGE2 /K-FHEK (P<0.05) ; 5
Y3 D AR, BSR4 R D KB CGRP Ml PGE2 /KFig7HE (P<0.05) 5 5%
WAL, PSR A+4EA R D 4K CGRP Al PGE2 KPR (P<<0.05) o ARAT#41
KB CGRP #1 PGE2 /K-FHE, ZRIEG iR (P>0.05) « W& 5.

#£5 FHEKKR CGRP Fil PGE2 KFHE ( x5, n=10)

Tab.5 Comparison of CGRP and PGE2 levels in rats in each group ( XEs, n=10)

Group CGRP (pg/g) PGE2 (ng/g)
Control 34.99+4.06 41.95+6.33
Model 133.46+10.87* 125.86+11.44*
Vitamin D 61.85+8.53% 55.25+£7.71%
Activator 165.79+11.24* 187.36+14.05*
Activator+Vitamin D 104.67+12.9524 87.35+8.6724

*P<0.05 vs Control group; *P<0.05 vs Model group; 24P<0.05 vs Vitamin D group; 4P<0.05 vs
Activator group.
2.5 BHPZERWER  SXTBAE, SAH KA S NF-xBp65 fl CBS & H#&KIA&E
YT, VDR & ARIEEEL (LSD-=28.743. 37.477. 26.175, P<<0.05) ; SR LA,
g% D HRKBRARJE NF-xBp65 fil CBS FHAREEWMFIL, VDR EHREETS
(LSD-t=24.947. 13.156. 14.322, P<<0.05) ; 5443 D ALK, BuSHl+4i4ER D AR
A G NF-xBp65 1 CBS & FHRIAEL T 5, VDR HEAFRILERFK (LSD-114.643. 6.336.
10371, P<<0.05) ; HEuEAALE, BUGH+4E42 R D HKHAS NF-xBp65 il CBS &
HRILEHEK, VDR EARIEETE (LSD-=29.227. 14.406. 11.739, P<<0.05) . W%
6. 1.
£ 6 ZFHKAR L4-Lo TRMZ T+ NF-kBp65.CBS #1 VDR B FEZEHE( xts,n=10)
Tab.6 Comparison of the expressions levels of VDR, NF-kB p65 and CBS protein in the

L4-1L.6 segments of the rat spinal cord among different groups of rats ( Xts, n=10)

Group NF-xBp65 CBS VDR

Control 0.15+0.03 0.12+0.02 0.76+0.05

Model 0.68+0.05* 0.65£0.04* 0.23£0.04*




Vitamin D 0.224+0.03*# 0.35+0.06* 0.52+0.05%

Activator 0.84+0.06% 0.94+0.07% 0.10+0.04%

Activator+Vitamin D 0.49+0.0524 0.52+0.0624 0.31+0.0424

*P<0.05 vs Control group; *P<0.05 vs Model group; 2P<0.05 vs Vitamin D group group; 4 P<0.05

vs Activator group.

Bl 1 NF-kBp65. CBS fl VDR A RIXHIKXHE

Fig.1 Western blot showed the expression of CBS, NF-kB p65 and VDR protein in rats
a: Control group; b: Model group; ¢: Vitamin D group; d: Activator group; e: Activator + Vitamin
D group.
3 Wik

YR D R—FREREE, KBS SERHRSFES, RS &Mk, JEME. ARGt
FE S G e VEBI S5 2 i A R B KRR A R G RS M 22 Je /7 7E K VDR J
RUHG, $&R4E43% D AR A RER AR . FFRRIMP), SMNEMAN R4 E R D o R
Zefi CC1 KRR, IREPOMBRME . SCIRIGENY, 48423 D k= 5H0IRAES 5 8 0 400
(10 712 B PR B R RPN (LA TEARSGE . hAh, 2R3 D i BRARAN S E S B m] 42 e 18 1k
FRZEIR K R PR (R R e AR 2T AR A ORI IR 2 M, B AR
THURIRSE . B2 A S EMEZ IR, L4-Lo IARMS YA TIER:, %X DRG
HRBCR, HE5RZ b FECEMERRIET BUG G, X AFAS TATEAR 55 B 4 3
HEMO. AWTFERER, BHKRARG &M 25 (OH) Dy K. PWTL A1 MWT
BUEF XA, mMigeAE R D 4K RASH A 25 (OH) D3 /KF. PWTL il MWT 375 F-45
T, MEE RN, CCl KRYEAER D /KPR, 1 H X AR BURMER R, SN
YA 2% D AT BRI K B PR I BUSE . CGRP M PGE2 IR /K-F 5K R % V), CGRP



FIAM 2 ] FHURM B BURMESE B, FRARC I [ 4R T VR S AR RIRAS , e R R
KUY, AR LS R EOR, B4 CGRP Al PGE2 /KT s TXHIE4L, 445 D 41 %K
BNCTFARIAL . dhas AR R4EA R D AR CCL K BRI (R IK K, AR K SR
FERE.

NF-kB /2 i Rel M M —RIEE T, S5 ZFEER i, B 2R s
DR ) Fs g 2GR Bl R0, NF-xB £ CCI KRA#E P &L, Hifs
ME TSR NL, T A MR . TEPR IR I A b, ARSI 35 215 5 1 5 7
RAESSTIZSYE, HSER—MRELESRES ST, 5808 RAEs) L0
oA EAE G R, R ZE SR B R R R P AR AU, CBS & HoS RS, +
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