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Abstract

BACKGROUND: Stem cell transplantation is a new way to prevent and cure intervertebral disc degeneration. However, whether the transplanted stem cells can
survive, proliferate, differentiate, and restore the function of nucleus pulposus cells after transplantation, is the key and difficult point to overcome.

OBJECTIVE: To explore the effects of Bushenhuoxue decoction on survival, proliferation, and nucleus pulposus-like differentiation of adipose-derived stem
cells.

METHODS: A Transwell chamber was used to construct a co-culture model of human adipose-derived stem cells and human degenerative nucleus pulposus
cells. The experiment was divided into control group, model group, drug-containing serum group, and drug-free serum group. Except for the control group, the
co-culture system of other groups was treated with 50 pmol/L tert-butyl hydrogen peroxide for 24 hours. The drug-containing serum group and drug-free serum
group were treated with DMEM low-glucose complete culture medium containing drug-containing serum of Bushenhuoxue decoction or drug-free serum with
20% volume fraction for 48 hours. The sublayer adipose-derived stem cells were taken. Toluidine blue staining was used to detect proteoglycan synthesis levels.
Real-time PCR method was used to detect mMRNA expression of type Il collagen, proteoglycan and SRY-box transcription factor 9. The protein expression of SOX9
was detected by western blot assay. Lactate dehydrogenase assay was used to detect cytotoxicity. Flow cytometry was used to detect reactive oxygen species,

and B-galactosidase staining was used to detect cell senescence.

RESULTS AND CONCLUSION: (1) Compared with the control group, the proportion of necrotic cells in the model group increased; toluidine blue staining
became lighter, and the expression levels of type Il collagen, proteoglycan, SOX9 mRNA and SOX9 protein decreased (P < 0.05). Compared with the

model group, the drug-containing serum of Bushenhuoxue decoction could significantly reduce cell injury and promote the expression of type Il collagen,
proteoglycan, SOX9 mRNA, and SOX9 protein (P < 0.05), but the improvement in the drug-free serum group was not significant (P > 0.05). (2) Compared with
the control group, the contents of cytotoxicity, reactive oxygen species, and cell senescence in the model group were significantly increased. Compared with
the model group, the microenvironment of the coculture system was significantly improved by drug-containing serum of Bushenhuoxue decoction (P < 0.05),
while drug-free serum had no significant effect on the microenvironment of the co-culture system (P > 0.05). (3) The results show that Bushenhuoxue decoction
can promote the survival, proliferation, and nucleus pulposus-like differentiation of adipose-derived stem cells.
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FEEHE 1) A 2% HHORE D e R W, R 3, MY
PR RN B AR LR, T G T BRI K ERTT
FE I i 88 A M ) 4 5% HHORE (10 3 B R 2 — ),
g BURAGAT JR G, B IR B BRCTERESEREA K,
H TR A REAL A M2 Z FAE T3, DL A A0 2k o 1T
Tl fiz R R 2R 9 R B 2D B I A B A% 4 4 T
A M L A0 3 o 2, G b A i A0 R o P B AL 4T
R, DG, RER BB . D fe R AR AE A A
B RELEEEREM Y, KEMREY, HAHERS
SRR R ) 0 A A SR A, HE T A A
PR R AR R, oI EEHERR, A 40 M AP T
AR, BURARERN, 5 BOHE R 40 AR SRR T P
I R 0T A [ £ 1R AR R YR 97 BERLE IR~ 1897 S AMEFE R IR
I7, AREIRR B RER, AN AR AR b 100 Ak (] i 1R AR 1)
R R A O A T I A T R AR R T AT 1 S e Y,
Horr i W 1) 75 5 T 41 e (adipose-derived stem cells, ADSCs)
FERIEFEE . 5 TR, o e son T4 R
P EARE B MY, SRR AN 3RS, ADSCs (4l
JH TR 25 AN L DR R /K P 3 B B R 58, R B SR B A% 74k
Roni T, BB G BT AR T RS . A vk, I
K S HERZ AT RE, AT SE A R T I HER) AR AR, 2 T4H
PR A VAT M 1) 4538 28 R 5 5 AR A X o B

Hh [ SR A () £ 1R AR UH B T R e BRI, A& rh
A, JUAHTEE L LTS S IR (AR A IR % o, 61453
S5 B B S A A R M, WO T R kAR R B
HETF] AR AR (R FE AT B o I B V7 IV 2 Y R I 2R A I 28R
ARIREAR TR, AN I I rh 24 R I 2 PR AR ) 453 Y 1 R AR
HPIVE Y S R F W AR T 5 T R T SR

WIS AL AR AR PR PES L BURADL. RIRALK,
27 R IERE Wt {5 5 3 B e 2t B A 4 G AN 2 R A R
EE (18] .

52 060 JOLAE 7 P Ky 8 ADSCs B % 41 iy 3 1% 97 S AL 45
PR, R A PR ASHE RN A ROR 5T, IR RIANERS 7 5
AT T WHFCAN B L7 fie 2 ADSCs A7+ 4 FH
FBE A I R BERZ AL T BE A, DA D i PR T A
[F 25 18 AR B2 LT A 6 I S0 R

1 #RF175%E Materials and methods

1.1 3%t MRAMNMRILREFR LIS . SEIREOR I 2 IR
T 255, H B IZR 7 2250 Bt (ANOVA), 25 8] J 79 LL K
FH LSD s fers  ANifi /2 IEAS 120 A A 2551, SR A Wilcoxon
FRFNALIE o

1.2 BYE ARG S2E6T 2023-02-01/05-30 7EiMIFG B2 245 K
S S I A )2 S 3 TR A

1.3 #h#

1.3.1 SEIGHhY)  SPF Zifid iR 4-6 J S It SD KR 10 K,
A 5T & 200 g A2 Aq,  HHBIEE R 2 OK AR S e Bl o AR
W, J5 A RS IE g 5 25-202211220012. SZ & 7 % 4
F R 2K B ) S0 A0 B s btk itk S O LLBR-
202111250003,

132 s R AR T B A L A (tert-butyl
hydroperoxide, T-BHP) ¥4 yi&. TESCA £ vy 11 ZY it Ji filg
(&I Sigma); 0.25% JREE FIBGVA MR R a4 i . DMEM
I W 1% 9% 3. PBS( QY 3% 3% %€ ); CD34 antibody-PE. CD45
antibody-PE, CD90 antibody-PE, CD105 antibody-PE( £ 2k &
IR ); CCK-8 I LRI G L ARl & (U 3§
5§ )s Transwell 408572/ % (fL42 0.4 um, FEEFET);
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FORGIE Qe il IRJAEE 1 (bR EF ): RIPA RLMFIR
BCA £ € iR F &, 10%SDS ¥~ HRP 1 EHT % — Pt (
Abiowell); SOX9 — Fi ( 3 Proteintech); Trizol( &
Thermo); mRNA J #3605 &, 9862 & PCR A& ( Jb i
AL ): PCR I H AL U E R & B B- I M H
et il WEMEERFIE (B a K ) HObEE RCP AL (£
Thermo); % IIREREFR AT (IRYINEHS ); & AR O
BLCIEEIRAX ) T XA MIAY (Beckman): i TAE & (dbnt
TWZRFE ).

14 7k

1.4.1 BASHERZYHME. ADSCs [RIHEHL R k4535 EBOHI
Hh R 24 K 5 20 — Bt 5 B 8 A BHBCR I 75 6 - R FR AE 1 1
MM AR HRE B 1], SBFEMERZ, TARPFHE L
L. Pfirrmann iB 45 7 0 A T2 FIBEA% 423, % T IR I 40
SR A HEAT TR0 (090 22901 7 R = 2 K2 30— P s R B 1= 2%
WFFAC FEZS G 2= ik v, 8BS HN-LL-KY-2022-033-01), A+
BB A 5, A B #h KB e 2 3 DL 5 R e, ROk
AR ERS =, ELHE TGN, T4 5% PBS 7t
IPEWE SR BIRER 1 mm® N, 7E 0.1% 1T 7Y e i O AL v
37 ‘C#H4 1k 60 min; 4L 1 000 r/min &> 5 min, & 4E
RO H10% G 4R LIG 1% 582 % / BE % % 1) DMEM {ILHE 58
ERFENE BN, TR R A JE R T 25 em® F
MRS TR, B TR0 5% CO,. 37 CRiFx=MIEI%,
BN R R ERE . MR E V) A AR K,
4l i A & 80%-90% I, i 4k AT AL AR EE IR MR 21
PL0.2% 1 BUAR 5 BEYH 4h 3 37 C i1t 30-45 min, R4 {F X
AR EZH . EHUEE 2, 3 4 ADSCs. #fi% 4l f i 47 )5 48

NRZEBERZARE . ABERAIE)FE BT 4RBRaNE 7 R TE

EiiE S HEAZ AN g 3 180 75 o - 4

YRR SRIR NIB A HhZ% 4 27 N

BEREFHFE  EREH TR A7

EFRENE DMEM {1 77 5 DMEM EHE R 77 5

AR PR H 10% FRZF TS 1% 35 AR50 10% FR 2 i 1% 7
HE/HER HERHER

FERIEFRRTE AN ARG, Sk EREREEE ARG, R
FEW, 3 dHl 1k FEM, ZJEtE3d I 1 Ik

HRRIE R MY A 4 80%-90% I, ik Al & & 80%-90% I, ik
HEATAAR BEATAEAR

ML E TS S5 o IR il g £ A

RIBFEHNE WM R R R — BB Wl R 2 K — R

Wt B 2 0 LA B DY 2 vl ¢ 25 2 0F TEAG FE 2% DL = i

1.4.2 AMNERILDT & A0S JCLG I Bl 4 IS
A 15 g #hEiE 10 8. R4 108, FHS 1280 BRI
10 g. AJRN 9 g 4, FrAI b 24 st g p B2 245 K22 28— Y IR
CEBE 25 D54 fit, ZRIMAIRAEZGME 1.5 g/mL. RHAIBEHLEL

3976 | DEHERTIEHR | 5528% | 55258 | 2024598

F-RIEK 10 H e SD KR BENL 2 AAMNEIE L7 4. X iR
H, FH 5 N #NEE LT 255725 NMETE (66 g/d),
IF4% N (60 kg) FIK BR (200 g) 442 [ AR AT 55 A &G &, KB
354 RUGRR 200N 7.35 g/(keg-d), RN B I L 4H K RREE
FNEVE I T 2.8 mL/d, ST R ZH KRR 5 A # K 2.8 mL/d,
RRRI 2 IRE 2, B LE, RIRGH1hJE, EE&MT
T RS BRI, 208 LB KGRI, 4 CHFE 2 h J5 3 500 r/min
20 20 min, HY EJZ I 56 C K% 30 min, yERRE, 7
%, -20 CHRAFEH .
1.4.3  CCK-8 JEAG 4 My P 43 Tl BT $0 0 A6 K 1 B % 4t
. ADSCs, 1k Fh % 96 FLHL, 40 H ik JZ v 5x107 LY,
7L 100 pL, #R #% T-BHP 3 J¥ (0, 25, 50, 100, 250,
500 pmol/L) 3L % & 6 4, AAHE S ANESL, 45 T-BHP
T 2 Fhem L 24 h 50N CCK-8 AR, 1-4 h J& FHEEFR X
7E 450 nm PAAEE

R T ARSI R B AT 2 I P AR AR B
o B A K TR B A% 21 L . ADSCs 3¢ 1 3R 75 i3 F 45 96 FLAR
AR A 0 B3 1ML 75 7 245 L5 AR 7 % (0%, 5%, 10%, 20%,
30%, 40%) HLiE 6 4, MABE S MR, HHIHE AL
T 2 RPN M 48 h 5NN CCK-8 TAE, 1-4 h J5 b
{XAE 450 nm KA
1.4.4 IBAFHERZANIIFN ADSCs L1E %1k R 1AL S AN S 56 43 41
K FLAE 0.4 um 1) Transwell /N2 g 7 40 LG IRk R, 26
3 REEZ AL E T Transwell |35, ADSCs & T Transwell %,
= KR S R 300 pL 4, 4HMIR R 1.5x10° LY, £y
b R R S A LA A 80%-90% J5 ( 4148 h), HE—4
THIMNACE . M7 2HU R OXHRH: EELEEFRE 24 h,
B Jo e gk 2k R 7% 48 hy @BEAYZH: n A 50 umol/L T-BHP
() DMEM I 56 4 B FR VR R I Ab 38 R = 4 24 h, B S
B DMEM fICHE 52 A 55 7R 5 7% 48 hy @ LA MG 4.
A 50 umol/L T-BHP [ DMEM A& HE 58 4= 15 7% 9 [ iy b 22 |
NEYAML 24 b, BE 5 R A ARAA 2 20% o2 LG (6 HEZH
KRR IME ) () DMEM A 52 A5 20 T 7 48 hy D& 25 1ML iF
2H: M % 50 pmol/L T-BHP ] DMEM 1G4 58 4= 3% 77 ¥R [H] i
Wb FNEANM 24 h, BEJS BE R A RRR 2 4 20% MBI UL
B MG (B I 7 41K BRI ) 1Y) DMEM IR 52 4 15 97
T T 48 ho S A bR 5e B J5, BT /2 ADSCs AT o
1.4.5 WHEMTEY(t &4 ADSCs A FRLE R 5, 3 ik,
PBS & ¥ 2 ¥k, IR 1 ming NG & 1 2K i U8 G i e
5 min, MASFEZABKEREWRIT, 5 15 ming ZHRK
TEVE 2K, K30, HJEINNIE AR K SE AR AN,
BB TSR
1.4.6 RT-PCR yL Kzl ADSCs A 1T B % i &% 111 S B SOX9
MRNA £j& %4 ADSCs AbBELE TR /5, W AEANMY, {3 Trizol
TRIREUS AL AN A A RNA, 42 18 S 3 R 7 506 1 ug RNA
B cONA, R¥EDOEE & PCRARFI &Y 1. DL GAPDH
S, 27 kit 4% 4H ADSCs [ T B s J5i . 2 11 B A A
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SOX9 mRNA (xS RiEf. SIFHI Ik 1.
&1 | oPCRENZIMFIIEE

Table1 | Sequence information of primers detected by qPCR

BN 4R S5 (5°-3) P EE (bp)
GAPDH F: ACA GCC TCA AGA TCA TCA GC 104
R: GGT CAT GAG TCC TTC CAC GAT
AR F: TGC TCC TGC CGT TTC GCT 240
R: CCA GTG TCA CAG ACA CAG ATC C
FHsE S F: GGT CTC ACT GCC CAA CTA CCC 152
R: CGATGC CTT TCA CCA CGA CT
SOX9 F: GAC TTC TGA ACG AGA GCG AGA 124
R: CCG TTC TTC ACC GAC TTC CTC

1.4.7 Western blot 7% K Il ADSCs 1 SOX9 & [ % & &4
ADSCs AbFEZE R f5, UAEANNE, RIPA SREUAIMLEE 1, KH
BCA RN E B ARE IR . MARSFRERA L, KBEA
T 10% SDS— 5 P s Ik i iz b ik o0 88, 5, 5% IR WY
k¥ ZE A 90 min, —Hi 4 CHFH LA, HRP ILIEHi R —hi
IR E 90 min, PR, ECL BEMHE. FIH Image ) #A4F
ks K FEAE -

1.4.8 L iLAN ADSCs [ FLRR A ME/KF %2 ADSCs &b
HEEW G, WIS, e LR DS L e K A T B
HEAT AR, B)5 i B AR AR 450 nm Ab I EEROEREAE, it
S5 A LR P S R U1 o

1.4.9 i sRHHAAAT I ADSCs g AR #4181 1000
(1% b A8 FH i 155 77 W #5 BE DCFH-DA, 243K &2 10 umol/L,
% 2H ADSCs AbFRZE W5, Rl MG IR, N RE 4T 1)
DCFH-DA 74y s fE 4H e, 37 ‘CHH s 746 N IF & 20 min,
FH AR FR DA A 3 Uk, DAFR 4 25 B R ik N 4t P9 1)
DCFH-DA, g4k 2 min, WCAEANMD, i =Nam B AR 4 i
PSR AR

1.4.10 GetyLkall ADSCs v B- L FLWE HEE/K-F- %41 ADSCs
MPRZEW G, BBRAMMERT TR, PBS Pedk LIk, I 1mLp-
e FUME L B YL B e, 2R 2 15 ming IR RN AR E
PBS YLk 3 ¥k, IR 3 min; WifR PBS, LI 1 mL
Yot TAEWR, 37 CHIREFRFE NI E IR, FHIREEEE 6
U7 k2R, HEa s R N R .

1.5 EZWRIMAF OAFWKE T-BHP X5 1% 41 i F1 ADSCs
TEIIIR IR, AN [ A AR 43 BRI I T 24 L3 X i A% 4H
JfL F ADSCs ¥% J7 52 @45 T Tl 41 ADSCs TE &L, H
M Yt g5 K, @)% T 14l ADSCs H SOX9. 1 74 it Ji7 A1l
B R BE Y mRNA Rk 7K F DL K SOX9 [ 85 1 R A /K P

@ &T- T4 ADSCs 1 FLIR Il & . vE VRS B- L FLAE G
Ko

1.6 “itFE a4t K SPSS 22.0 Giil S H Ao bt JEAE
il GraphPad Prism 8 il {E G it (&l S50 H i i 2 1B A& PE A
7 7S5, RIS 3 07 22 40 (ANOVA), 21 1] 19 7 LU R
F LSD s ANl A IEZAS VRS A AT 22551, KA Wilcoxon
BRATKG, P<0.05 AZEREEEMZE L. git¥hEkes
R R R K — R R B A MG % K d .

2 258 Results
21 BEMAMRB ADSCs SR 4R WP EMZ A
. HREERE, WWE 1A; 2K IE G 0% 56 1% 40 i b
ORI B, EREE T AL A e TR, ULE 1B, I
A AR % 5 28 2 1% ADSCs 3R 1] CD34 [H 1 %y 1.81%,
CDA45 [H P 2% 34 1.02%, CD90 [H 4 % 99.93%, CD105 [H
I 97.78%, W 1C-G, £ & (A 7e ot 40 M 3 1 B 57 (1 4y
i b i (CD90 1 CD105 [FH 14 % = 95%; CD34 Fll CD45 [H 4
< 2%).
2.2 T-BHP JRZEAMNK & dn o5 & 2h A ARy Tk B
T-BHP IR FE (R34 00, BEA% 40 i A1 ADSCs FIZH % F1 38 B2 T %
(P < 0.05), T-BHP - il i #% 4fl }fd [1) 1Cy, 2 44.49 pmol/L, i,
& 2A, B, T-BHP - i ADSCs [f] IC., 4y 48.27 pmol/L, I, /&
2D-E. MBI I T 24 IS AR AR 4 H0h 20% B, E R A
JHO P 4 B 3E 70 B fE (P < 0.05), LI 2C, BARAR > HRN TS
177 25 25 135 %+ ADSCs [RI4iilys /) o 2 2 5, WE 2F. A
M, A% 50 umol/L ) T-BHP. R4 #1 20% #b ' i 1L
J7 & P MG AT )5 82555
2.3 &40 ADSCs 5 & %A Wi 3 AR, XfHEZH ADSCs 24
AN Z AR, en SHizal it dz)s, ADSCs
MBS RBCE PR MRS T . SXTIRAAHLL, £ T-BHP
TG, BOAYHAM B AAE, oMMt T e mTE: S
A, &4 MEHNMRESHENEE, HEZiiEd
Y M TS G AN BE o
2.4 240 ADSCs ¥ R Jeih & & 45X  WiE 4 fox, RN
MEAUZ MEMEREAE, EOREERNE G, B
SR YR, SR S RIS IR/, ADSCs 1]
BRI AR IR RS, RIERBCE AT Re . X HRAAAREL,
MRS A e AN B S SR AR L, AN B TS T &2
MiEARER S, X—1H0A RS, (HI02 MiE H S .
2.5 %248 ADSCs ¥ 48% mRNA £ :kK-F W& S Fon, 5xF
WRZAAHLL, RBYZH R TT BRI . B 8 HE . SOX9 mRNA ik
S PRAK (P <0.000 1); SRS LL, FNE G072 24 1
AR et 1T AR (P < 0.01), &2 H ZRH (P <0.000 1),
SOX9 (P < 0.000 1) mRNA ik, i JCZ4 MLiG 1 il 5 H & mRNA
FIETC W 223 (P> 0.05).
2.6 &40 ADSCs ¥ SOX9 & & R X K-F WE 6 i, S5XtIE
YA, R SOX9 2 13K IA i B {IK (P < 0.000 1); Sf%
UM B, MBI I 7 5 24 13 ] S5 35 (e 3 SOX9 R (R IA
(P < 0.05), 17624 IMLIF T T 5 a1 1 2 IA TN FEA% 0 T W il AR
(P>0.05),
2.7 %40 ADSCs g #mfitAtt. EMAASE. @ILE LN L
R WE 7 PR, SXTRAAHLE, AR 2H PR I SRR
B3N (P < 0.000 1); SAEAYLARLL, F0EIE I J7 & 251
T TS 3 o) LR B S R B (P < 0.000 1), {HJE 24 i 4H
55 20 L N S R T8 B G P 2 22 5 (P> 0.05).
WMAAIARLE RN, SXTHRAARL, B A vg
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Btk Pt

= B C
=S P2(0.86%)
g
=8
] H
e F]
o

A,

102 10 104 108 105 107
D34 P1 D45 P1 D90 P1 s cD105 - P1
D P2(1.81%) E P2(1.02%) F ZeEEm P2(97.78%)
— - — —_— —_—
H 8
g zg P €
g~ 8 8 88
]
E g
T 0 e 0 0 10 L S Y F I S O T T D

B & A VEBERZANIRAE 100 OB TIBES: B N TIRIEIE Lt (x400),
A% 24 o B RO e Pl 0, BRI AR AL S B C-G s
HEARSE T TN R bR S -

E1 | MREEZEEEEDERRTHEBEESR

Figure 1 | ldentification results of human degenerative nucleus pulposus

cells and adipose-derived stem cells
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Figure 3 | Morphological observation of adipose-derived stem cells in
each group (x100)

Bl B A-D 3 ST IREE . BORZH . o L iE AN 2 is 4 .
E 4 | ZARERE TR TP RRERE (x200)

Figure 4 | Toluidine blue staining of adipose-derived stem cells in each
group (x200)
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Figure 8 | Reactive oxygen species levels in adipose-derived stem cells of
each group
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Figure 9 | Beta-galactosidase staining in adipose-derived stem cells of
each group (x100)
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