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Efficacy of Yishen Huoxue Tongluo (%5 & I 1& 4% ) medicated serum on apoptosis of nucleus pulposus cells of human
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ABSTRACT Objective : To explore the efficacy of Yishen Huoxue Tongluo (25 ¥ i ML %% ) decoction containing serum on
the apoptosis of human disc nucleus pulposus cells under the overload static pressure stress and its related mechanism. Meth-
ods : Human nucleus pulposus cells were divided into three groups. The blank group had no intervention. The model group and
traditional Chinese medicine serum intervention group were treated with 3 MPa compressive stress in vitro for 2,4 and 6 hours.
The changes and differences of morphology , growth status and ultrastructure of intervertebral disc nucleus pulposus cells were
observed. The apoptosis rate of nucleus pulposus cells and nuclear factor kappa—B p65 (NF-kB p65),SRY-related high mo-
bility group-box 9 (SOX9),C/EBP-homologous protein (CHOP) , matrix metalloprotein—13 (MMP-13) and corresponding
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gene expression were detected. Results: At the same time,compared with the blank group,the nucleus pulposus cells in the
model group were smaller in volume, less in cytoplasm and worse in growth; the nucleus pulposus cells in the traditional Chi-
nese medicine serum intervention group were slightly larger in volume ,more complete in morphology ,richer in cytoplasm and
better in growth. Under the same action time , the ultrastructure of nucleus pulposus cells in blank group was complete ,and the
structures of primary and secondary processes were not broken;and the ultrastructure of model group and traditional Chinese
medicine serum intervention group were damaged ,the main and secondary processes were broken to varying degrees, and there
was no significant difference between the two groups. At the same time,the apoptosis rate of nucleus pulposus cells in model
group was higher than that in blank group,while the apoptosis rate of nucleus pulposus cells in the traditional Chinese
medicine serum intervention group was lower than that in model group,the difference was statistically significant (P<0.05);
with the increase of action time,there was no significant difference in the apoptosis rate of nucleus pulposus cells between
blank group and traditional Chinese medicine serum intervention group,and the apoptosis rate of nucleus pulposus cells in
model group was increased. Compared with model group,the expression of NF—kB p65,CHOP,MMP-13 were decreased and
SOX9 was increased in traditional Chinese medicine serum intervention group at the same time (P<0.05) ;with the increase of
action time , the expression of NF-kB p65,CHOP and MMP-13 were increased ,and the expression of SOX9 was decreased in
blank group and model group (P<0.05) ,and the expression level of model group was higher than that of blank group (P<0.05).
Overall observation by gene expression,under the same action time,the relative quantifications of NF-kB p65,CHOP and
MMP-13 in traditional Chinese medicine serum intervention group were lower than that in model group,while SOX9 was in-
creased (P<0.05) ;compared with model group, the relative quantifications of NF-kB p65, CHOP and MMP-13 in blank group
were decreased (P<0.05) ,and the relative quantification of SOX9 was increased (P<0.05) ; with the increase of action time , the
relative quantifications of NF-=kB p65, CHOP and MMP-13 of nucleus pulposus cells in blank group and model group were in-
creased and SOX9 was decreased (P<0.05). Conclusion : Yishen Huoxue Tongluo (%5 % 1 Ifil i 4% ) decoction can reduce the
apoptosis of nucleus pulposus cells under overload and static pressure ,and has the effect of delaying the degeneration of nucle-
us pulposus cells. Its mechanism may be related to the decrease of CHOP ,MMP-13 expression and the increase of SOX9 ex-
pression by inhibiting NF-kB p65 signal pathway of nucleus pulposus cells.
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Nucleus pulposus;; Apoptosis

-1045-

HE 1) 5% A A% 0 O 1 S M ) R A 7 1 0 K 2R
(1 EER AL 2 — " BE A% 0 N T kB
(nuclear factor kappa—B,NF—kB) {55 18 [ 76 M 6] 4%
BEAZ A M A8 R T R A EENER . Y
2 2 B o 0L T AR I U8R TR R S, TG R Y
NF-«kB =& KA BIR A 2 R AL, 2400 5T 5% 7%
S HIAZ N, TS PR S WBE , p65 2L 1Y DNA
PP 8  NF-xB 5 «B P9 2455, T A 44 3 A
Besk R TERINE o 45 B 0 I 4% 7 BA AT
FH g BB I I 3E 4% ) DO AN, e RE % ME ] 45 08 A8
HERE E H AT AR A U0 097 S5O E AL Hi
TF 5 30140 M 1) 285 5 A 4 b 366 Joi A 1 B A G 4R
PR B R T 1 T 1 0 RN A T[] 245 490 Z TRl A7
10 Hs 3 —INF[R] =24 1) 7 9 15 g, I ] S5 3k 20 s
RN A0 R 2354 B o o3 i, 5 RS A R R T o ASE SR
UL Ao UL g ' 95 N0 2% 7 2 M3 R 3k R R R
K] SR 20 ML T i e e, R 25 U I 2%
D767 HER] SR AT PRy vl BE RO AE AL, SHIGYT
5] B3R A7 M 1) B 8 P VDA R
1 #MB5FE
L1 528259 K askn)

NPCM Jtali 5% 357 3E (3£ [# Sciencell 22 &), Cat No:
4801); X Pt P/S Solution (& [H Sciencell /3 7], Cat

No:0503); J64- 1M (35 Sciencell 23 7], Cat No:
0010) ; Annexin V-FITC 41 fitd ¥4 7= i 77 & (Beyotime
Aw), 475 :C1063);NF-kB p65 £ sifEdifk (3
Abcam 7~ 7 ,Cat No:ab16502);SOX9 . 55 B P 14
(¥ [# Abcam 23 #] ,Cat No:ab185966) ; TRUEscript
RT MasterMix (It 5 Aidlab 2 7], 85 PC5802) ;2%
SYBR Green qPCR Master Mix (3% [E Bimake /2 7] , %
5 B21203) ; 7t "B 11038 2% 77 I PR H R R 2 S ZECrh
A8 N R T[] 24 )0 Y N, LR b 2 3 el
IR 2 KA AR LT B B 2 R AL
1.2 FEERULS

B FH AR IR KO s ) W (DR B, B A5
Z1201520108857.5, [&] 1) ; 8] & AH 22 10 G558 S iR &
gt (v [ 22 v B Sl AR AT PR 7], AL S AE2000)
2 A A (3£ [ Beckmam, %145 Cytomics FC500) ;
HE R FEBMEE (HAHSLAFR, K5 S-3400N);
Mini—-PROTEAN Tetra Cell % /1 yk ## £ 4t , PowerPac
universal power supply %3 i A, i {3 F J5 , Trans—blot
sp cell FITFHLEIHE  ChemiDoc Tmaging System 22 3
AE MR & 48 (£ [H Bio—Rad 24 1] ) ; Western Blot 4341
1% (ZE[E ProteinSimple /23 1), Simon) ; PCR Y (& [H
Bio—Rad 2~ &], 5 T100) ; Real-Time PCR ¥ (3£
Bio—Rad /A #] , %15 CFX Connect) ,



-1046-

TE s 2021 4 11 55 34 55 11 1Y)

China J Orthop Trauma,Nov.2021,Vol.34,No.11

| S
L F s

T YT BRK
== ENIHE

1—= DMEM B8R E
= mEan

™
BikE

B 1 PR K T s (% A5 . 21.201520108857.5)
Fig.1 Medical constant temperature hydrostatic pressure tank (Patent

number:Z1.201520108857.5)

1.3 S8 ik

L3.1  BERZ AR IR M G 7464 AHE ] 8 6%
ML Sciencell Research Laboratories #&{i, Cat NO ;
4800, SEH I & H A HE (] £ B8 A% A M i i, 7 BRI EET
37 CHEIR /KA o, 55 H o8 2R 5 B JF 68 188 ik
o3 1 BEAZ 40 i 2 S L 1000 r/min B0 5 min, %
IR L FE R AR AR SR ] B BEAZ A, O R
B 22 U SR HE ] SRR A I R A L AR RKOR
L, 25 4 M A A TR 5 3RS 29 90% 1 4T 154K, iR
55 3 AUHEAZ A ML AT L5

1L.3.2 7pdl AWFTERES 3 AOHE ] 4 A% 40 il
Iy h 3 21 (75 A A RN R 2 1L T A ) o &
FI2H 3 R, fall DMEM 85 52 41 s B R 20 .3 MPa
S ) BB B all DMEM 85 95 21 5 v 24 15 1 9
24 :3 MPa it 0 ) P58 , DMEM+rR 245 10 35 1, 4K
#i Nachemson [ 28 W52 55 | £ UE 52 A HE ] 450 P9 11 7
JE I 7 Bl AA A RN TG 2l i AN [ 1 A AR el s S
YAk 3 MPa, B SEG ) {H % #% 3 MPa, )3 i%
25 AR Hs (1 atm=0.1 MPa) /4y % BR i 671 far 434
T K B A B0 AT RN 2, A D] 4 2H 21 AT RE A A AN T
PR o i H Y S AERT 4 b B ) BT, i R R AR
KRR TP iR N (B AR ), SRR B R 4 i K
T ARSI T, Iy e in#E/EM 4 h LU L,
HE 1) 25 5 2% A A 1R A8, AT DR AIE A A 2 o PRI
A S 10 W 0 s 7 T VR RN B8 R 24,6 ho B
JERE )R 53 IE FHIFTE] 2 (4.6 h, 76 T 045 o 5 kA7
A AR BRI I AT 23

1.3.3 o Beas 3 ACRE A 40 il A o [R) b5
FRIEBEAFAE A 10 ml B3GR, SRS A IR S
BN ) AR B, ez Bk E P A R B
E T, BEREENCGRBUE MR 2 3 MPa, 7%
25 FVAH R R B EOK R 48 BIAE ) 2.4

6 h, I3 it B Al T A5 e A 0 ke N PR B I R R
LA 37 CAEAT o R I B0 KA I e B[] )5
HEZS #0 e I 2 B i R, Rk B N
BB T3 5 A s A (R s (BRI A2 TR ), 47 T IR
W, T IF I 2 A A 5 R R S AR I O R S
A B A B S 65 1T PBS J0RE 28 M B
Pk 3, AVE BRI B AR B R R IR RS T 4%
Z R WA E 30 min,  7E ST 6 BEAZ 240 i 1 T
&SRR BT WSS
1.3.4 g VI G 2% 07 & 25 IS Al g2 B
I 380 28 T 25 ) 2 B« R AR 30 g, AL 15 g, PR A T
15 g, BHERN 15 g, 112 15 g, 2285 5 g, gl R Al 10 g,
A I 25 g, d e 10 g, 41T 15 g, F+ 5 15 g, H
10 g A1, 254 R IE T B 25 K% AR LT T B B
HFNE, He B/ N R E =525/ N
M) 25 25 5 T IR BT IF AR R R 4 25 0 5Ol
0.93 o/ (kg-d) FURL I, o 1 ORUE 5 25 8, R o5 8 (e .
H &, BRARMNEGLHER T7.44 o/ (kg-d)
R (JRgg 25 M) 2 8 %) BURL25 %) 180 g i T
160 ml gfizk rfr, DL 7 ml/(kg-d)HEE | JEZEHEE 3 d,
Ia VA BEE S 1 h 5, B4 ki, B R K R
Bt 50~60 ml, 4 °Cif & 50/ S ,3 500 r/min 5.0
15 min, JUML % , BT 56 CIHEE T K& 30 min, £ JE
73 % ,-80 CLRFF
1.4 SCEdsbRAs
L4 1 BB 40 M8 8 A R D0 S Tl 4 74 1) 72
b ZEEAHZERMBE AR E NSRS
3 MPa it H i g T HER] S BEAZ AR A L AR KRG
R TS ) 1) A8 A RN 2 e
1L4.2 #ERZANME T2k 2 ] Annexin V-
FITC/Propidium lodide #1712t 7] & XJ 4k ] 4% % £ 40
JL AT XU AG I, WL -G8 1 A% 20 L 0 9 1 A8 4k
1.4.3 Western Blot 354 I 6 4% 40 8 NF-kB 5 5
WA OCE ORI LA ZUE TR IUS A BCA
PN E A DG HE 1 Y i R AR e B Uk B
JEE I A e R O IR S iC R B4, LA GAPDH
W2 (GAPDH B H i -3- R e i =L/, |12 FIE
Western Blot 25 [ BiAR EALI N 22 ), X LG 4% 2H 2 ()
S, BEATIC I XA R A0 o LABEAZ A0 L N A% R
kB p65 (nuclear factor kappa—B,NF-kB p65),C/EBP
[7] 5 3% H (C/EBP-homologus protein, CHOP) ,Y 4,
PR b P e DR S 1 B iE A5 R ZHHE (SRY —related
high mobility group—box 9,S0X9) ,MMP-13 45 VBt
RFRICAH C B 38 FH Western Blot 3 46 U AH 56 2 1
TR,

1.4.4 Real-time PCR fa A G 3L R 38 T TS



PG 2021 4511 HE5 34455 11 ] China J Orthop Trauma,Nov.2021, Vol.34,No.11

+1047-

M SE B G, B AL BEAZ A0 AR i, Trizol — 253k
FEICE RNA | S 5k il eDNA, 534 iR 4% NF-xB
p65 .CHOP .SOX9 MMP-13 #4554 PCR 514, If
F| Fil Real—-time PCR 7 A 45 4 28 %6 A% 20 it v &% 4>
FER B FRIR TN, X el R 2205, BT A5 R .
PCR 51954 04 1,

1.5 Zif2ahbrg

i SPSS 23.0 A T S 1143 A, o g i

it DA B bR v 22 (s ) R, Z ARG 4 & 4
AR5 , R B K 2 U7 22 50 #7 , Levene :45
95 5 2 55 VE 4 2555, R FH LSD AT PR LUK
#2255, KA Tamhane 355 #5AAEESS
A, W% A Kruska—-Wallis H #5565 . DL P<0.05 Fn 22

FAGIEE XL
2 BR

2.1 BERZANMIE 25 A0 ROIR B0 K e Ay 1y A2 Ak
2,11 BERZANMTE S RKOR L Bl A T ] 1

L3 AREAIE A RERRB AR 2ES . [F
— VR HTI A) T A5 T 201 A% 200 A R s 1 AL 4 /)5
RV BEAZ A0 M TE 5 2 A NIE L KARTE |, 10 5 sk
A EHABZMRE S Z RERIE ZME K|

#1 PCR3|4¥F7|
Tab.1 PCR primer sequence

LR 4 B ElE/ 2]l

NF-kB p65 F:5-ATAGGAAGAGCAGCGTGGGGA-3’
R:5’-GATCTTGAGCTCGGCAGTGT-3"
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Fig.2 Morphological and growth changes of nu-
cleus pulposus cells in blank group under inverted
phase contrast microscope 2a,2b,2¢. The action
time under static pressure was 2,4 and 6 h respec-
tively,,and the inverted phase contrast microscope
was 100 times 2d,2e,2f. The action time under
static pressure was 2,4 and 6 h respectively,and
the inverted phase contrast microscope was 400

times

B3 6] A2 OB TR 2 R AN R S
K gde 3a,3b,3c. R B 1 F 94 T s
[ 73 5 S 2.4.6 h (8] 5 AH 2% 35 x100)
3d,3e, 3f. i [ 1S3 T B 1R T E) 23 50 A 2.4
6 h (f81 A1 2% LA BEix400)

Fig.3 Morphological and growth changes of nu-
cleus pulposus cells in model group under inverted
phase contrast microscope 3a,3b,3c. The oper-
ating time under static pressure was 2,4 and 6 h,
and the inverted phase contrast microscope was
100 times

static pressure was 2,4 and 6 h,and the inverted

3d,3e,3f. The operating time under

phase contrast microscope was 400 times
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Tab.2 The changes of apoptosis rate of nucleus pulposus
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times (x+s,%)
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HRE 2 3 21+0.4 22.3+0.2  25.7+0.1
P T 3 17.1£02*  16.70.1%  17.1+0.1*

T SR A, "P<0.05, *P<0.05
Note : Compared with model group,“P<0.05, *P<0.05
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Fig.4 Morphological and growth changes of nu-
cleus pulposus cells in traditional Chinese
medicine serum intervention group under inverted
phase contrast microscope 4a,4b,4c. The action
time under static pressure was 2,4 and 6 h respec-
tively,,and the inverted phase contrast microscope
was 100 times 4d,4e,4f. The action time under
static pressure was 2,4 and 6 h respectively,and
the inverted phase contrast microscope was 400
times

B S R T A RAE I ) 25 5 2 Al
f 2 M R AR Ak (4T R BT <1 000)
5a,5b,5c. BT 4350 2.4 .6 h

Fig.5 The ultrastructural changes of nucleus pul-
posus cells in blank group (scanning electron mi-
croscopex1 000) 5a,5b,5c. The action times un-

der static pressure were 2,4 and 6 h respectively

6 I IO ) R AN [ A P Ji AR 201 456 4% 2
Mo R B S M R f CFT Al R BE <1 500)
6a,6b,6¢c. 1F I} ) 7351 % 2.4.6 h

Fig.6 The ultrastructural changes of nucleus pul-
posus cells in model group (scanning electron mi-
croscopex1 500) 6a,6b,6¢ The action times un-

der static pressure were 2,4 and 6 h respectively

B 7 i )R AN R A PR i e 2 T 95
418 A AN M RS R 0 L Al (A B X
1500) 7a,7b,7c. {EHBE 458 2.4.6 h

Fig.7 The ultrastructural changes of nucleus pul-
posus cells in traditional Chinese medicine serum
intervention group (scanning electron microscope X
1500) 7a,7b,7c. The action times under static

pressure were 2,4 and 6 h respectively
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Fig.8 The apoptosis rate of nucleus pulposus cells in each group detected by Annexin V-FITC/PI apoptosis kit in different action times under static
pressure  8a,8b,8c. The apoptosis rate of nucleus pulposus cells of blank group in action time of 2,4 ,6 h respectively 8d,8e,8f. The apoptosis rate of
nucleus pulposus cells of model group in action time of 2,4 ,6 h respectively 8g,8h,8i. The apoptosis rate of nucleus pulposus cells of traditional Chinese

medicine serum intervention group in action time of 2,4 ,6 h respectively

2h 4h 6h 2h 4h 6h 2h 4h 6h
NF-kB p65 o e — - — - 64KD
CHOP I —— - - e
SOX9 - e — | - T0KD
MMP-13 e e gy e TR DD s s s 5KD
sl HA 2] op 2l i T Al

B9 I 1T A VR ] 53 31k 2.4 .6 h 45 41 B % 41 NF-«B p65 ,CHOP SOX9 MMP-13 %3k 00 (KD 38 /R 451, RS 4 T B #4037 )
Fig.9 The expressions of NF-«B p65,CHOP,SOX9 and MMP-13 in nucleus pulposus cells in three groups under static pressure for action time of
2,4,6 hours (KD :kilodalton , molecular weight unit of amino acid)
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Tab.3 The expressions of NF-kB p65,CHOP,SOX9 and MMP-13 in nucleus pulposus cells of three groups in different

action times under static pressure (x+s)

= H4l(n=3) AL (n=3) T2y Il T2 (n=3)

RE|

2h 4h 6h 2h 4h 6h 2h 4h 6h
NF-«kB p65 0.62£0.12"  0.73£0.08"  0.90+0.05" 0.50+0.09 0.60+0.10 0.70£0.09  0.50+0.07*  0.48+0.06*  0.45+0.05*
CHOP 0.68+£0.13"  0.70+£0.16"  0.80+0.21" 0.40+0.07 0.50+0.08 0.80£0.22  0.46x0.06  0.52+0.07*  0.69+0.17*
SOX9 0.73£0.23"*  0.70£0.24"  0.68+0.18" 1.10+0.05 1.04+0.04 0.50+0.10 1.06£0.21*  0.90£0.18"  0.90+0.16
MMP-13 0.40£0.04"  0.60+0.13"  0.58+0.17" 1.08+0.07 0.98+0.08 1.03£0.12  0.69+0.08*  0.70£0.09*  0.62+0.12*

T - 5 B2 [8) 0] be %8¢, "P<0.05, P<0.05
Note : Compared with model group at the same time, *P<0.05, *P<0.05

x4 #BIENHTHARREFRMME S HSE % NF-kB p65, CHOP,.SOX9 MMP-13 £ F CT {& (x+s)
Tab.4 The CT values of NF-kB p65, CHOP,SOX9 and MMP-13 genes of three groups in different action times under static

pressure (x+s)

Z5 F 4 (n=3) BRI (n=3) H 25 1L T B (n=3)

it H

2h 4h 6h 2h 4h 6h 2h 4h 6h

NF-kBp65  22.02+0.10" 23.28+0.06" 22.42+0.04" 33.96+0.10  35.24+0.10  34.29+0.09 32.76+0.08* 37.29+0.05* 32.12+0.05*
CHOP 32.06+0.10"  32.78+0.13* 31.16+0.20*  45.40+0.06 33.91+0.07 43.40+0.14 41.67+0.08* 35.68+0.06* 44.28+0.12*
SOX9 24.41+0.20"  24.69+0.17* 25.34+0.14* 31.40+0.07 34.01+0.08 32.17+0.14 31.68+0.20* 35.72+0.14* 33.29+0.15*
MMP-13 32.59+0.06* 32.17+0.10 32.35+0.12* 33.39+0.10  33.69+0.12  33.90+0.07 33.29+0.05* 33.81+0.08* 33.90+0.10*
- SRR AL ) B 4%, *P<0.05 , *P<0.05

Note : Compared with model group at the same time,"P<0.05 , *P<0.05

RS FBENANTAEERRE S HFE#Z AR NF-«B p65, CHOP . SOX9 MMP-13 E EF gy 3t & & (x£s)

Tab.5 The relative quantitative expression of NF-kB p65, CHOP,SOX9 and MMP-13 in nucleus pulposus cells of three

groups in different action times under static pressure (x+s)

= A4 (n=3) BERIZE (n=3) TG UL T T (n=3)

i H

2h 4h 6h 2h 4h 6h 2h 4h 6h
NF-kB p65 0.84+£0.14"  5.22+0.15"  5.54+0.09" 0.74+0.07 8.45+0.14 5.72£0.12  0.16x0.13*  5.52+0.07* 1.1£0.09*
CHOP 1.15£0.23*  0.48x0.17"  0.52+0.08" 1.68+0.14 0.38+0.12 0.29+0.17  0.23+0.12*  0.36+£0.22*  0.37+0.18"
SOX9 1.34+0.15%  2.79+0.18"  0.97+0.27* 0.55+0.09 2.65+0.17 1.41+0.10  4.80+0.17*  2.18+0.16  1.53+0.10
MMP-13 0.30£0.16*  0.59+£0.11*  0.30+0.17* 0.56+0.12 1.32+0.10 1.71+0.05 0.63+0.15*  0.33£0.05*  0.40+0.09*

T 5 RBERLLA [ LA, "P<0.05, " P<0.05
Note : Compared with model group at the same time , *P<0.05 , *P<0.05
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