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Abstract

BACKGROUND: In recent years, using tissue engineering technology to repair intervertebral disc degeneration has become a research hotspot in the field of
spinal surgery.

OBJECTIVE: To compare the effect of silk fibroin/nano hydroxyapatite composite material combined with icariin and silk fibroin/nano hydroxyapatite composite
in the repair of intervertebral disc degeneration.

METHODS: Silk fibroin/nano hydroxyapatite hydrogel was prepared by physical blending and porogen. The hydrogel was directly physically mixed with icariin
to prepare a hydrogel containing icariin (10 mmol/L). Animal models of intervertebral disc degeneration in New Zealand white rabbits were established by
nucleus pulposus aspiration method. Thirty-six rabbits were randomly divided into 3 groups, with 12 in each group. The model group was injected with PBS
using microinjector into intervertebral disc. The control group was injected with silk fibroin/hydroxyapatite hydrogel and bone marrow mesenchymal stem cell
suspension. The experimental group was injected with fibroin/hydroxyapatite hydrogel containing icariin and bone marrow mesenchymal stem cell suspension.
The normal group (n=12) was not modeled and did not receive any treatment. X-ray and MRI examinations were performed 4, 8, and 12 weeks after surgery.
Histology (hematoxylin-eosin staining and toluidine blue staining), RT-PCR detection (type Il collagen, proteoglycan, Sox9 mRNA), and western blot assay (type Il
collagen, proteoglycan, Sox9 protein expression) were performed 12 weeks after surgery.

RESULTS AND CONCLUSION: (1) X-ray films showed that the height of the intervertebral disc in the model group gradually decreased at 4, 8, and 12 weeks
after the operation, while the height of the intervertebral disc in the control group and the experimental group increased gradually. Among them, the rabbit
disc height in the experimental group recovered better than the control group. (2) MRI demonstrated that at 4, 8, and 12 weeks after surgery, the T2 weighted
image signal value of the rabbit intervertebral disc in the model group gradually decreased, and gradually increased inthe control group and the experimental
group, of which the experimental group increased more significantly. (3) Hematoxylin-eosin staining showed that the nucleus pulposus tissue of the model
group was obviously damaged, and the number of nucleus pulposus cells was remarkably reduced; the control group was less complete with a small amount
of nucleus pulposus-like cell proliferation in the central nucleus pulposus. In the experimental group, nucleus pulposus tissue was intact, and a large number of
nucleus pulposus-like cell proliferation could be seen in the central nucleus pulposus. (4) Toluidine blue staining showed that the nucleus pulposus of the model
group was not stained, moderately stained in the control group, and deeply stained in the experimental group. (5) RT-PCR and western blot assay showed that
the expression levels of type Il collagen, proteoglycan and Sox9 in the model group were lower than those in the normal group (P < 0.05). The expression levels
of type Il collagen, proteoglycan and Sox9 in the control and experimental groups were higher than those of the model group (P < 0.05). The expression levels
of type Il collagen, proteoglycan and Sox9 in the experimental group were higher than those in the control group (P < 0.05). (6) The results have shown that
the silk fibroin/hydroxyapatite hydrogel combined with icariin can promote the proliferation and differentiation of bone marrow mesenchymal stem cells into

nucleus pulposus like cells, increase the synthesis of cell matrix and promote the repair of degenerative intervertebral disc.
Key words: material; silk fibroin; nano-hydroxyapatite; hydrogel; intervertebral disc degeneration; icariin; experimental animal
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I (WLARHR AR AR A ) fa4- i ( S8R G it
IRBHEA R AT ) BT IR E. & M. Sox9( £
[ Abcam); 3.0 T & FHilE SAZREILARAC (22 KR AR )
RNeasy® Lipid Tissue Mini Kit {75 & ( Z i EAEY ) RJEHE
SEIR . R SRS R R SRR (bR
EAEVEARGRAF ).
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141 HIRKER WS EEBYREF, BT R AL . B
RIEET 30 CETMTAT TR, [FRALEED: H
44.83 g [ LiBreH,0 ¥ T 45 mL Z&1f/KH, RJEH 12g 4%
BEAMANI A, 55 CRAEIIEME, Br5ERE 2 %=,
VERGEAT I B, mEE OISR R 2 REOH
AR (RPN 5.5%), RIRIRAT . 90K IR I8 IR A KR
5o #EAFERRE T 250 mL = 0O8iF, —HHEEL
201, B JE GG R 0RLK /) 100 H [ NaCl B R,
i\ 20 mL DMSO F = [ )i, I A 1E I #E ) 9+ 4% 7
95 CKMHRFE i FE 3 h, W RMNYEIERNR F, “WE)E
BRI . KB E T -20 CUKFE TR AR, KEERTE
SATy HHRRIEOKE, M ERSEEEF YIRS %
FREN [ RIEBKA [ REETOKER, HREEETm
W N 1 mmol/L,
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L L2249 (30 mg/kg)® IS BRIFESSG e,  TC IR 26 F T LA—{I#%
TR 27 ) A, 5 BT 2R A T B T S AR R 29 10 mL
HEEW, S PBSLIMARILLL D 1A, BEEZEIMAS
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HET 2 R K E O Ja A0 DL AR FR 7 10% G4 I . 1%
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100 pb, ZHALIR A 1x10° LY, 43 BN i s iy, 9
PR BRI N AE . % AR (14 [R] B i dA /s B 1gG1-PerCP,
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PREME N UITF R, 7 BSHEAR S ILAL, R Lyas Luss Lo HfE
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Y4 H 0% (5B % PVDF I b, BEAGZE VB 1h, IOARE  REEESRSUE T IER 4L (P < 0.05), WHHRZL. SKULIA S % 1]

Be—hu (BT I BRI & AR, Sox9, ks 7l
A1 : 1000, 1 : 10000, 1 : 500004 CiEEd®: A
THEPLR 1gG( PRI 1 1 2000) EEEE 1h, LL
GAPDH NN Z; ECL B2, BEG.

1.4.9 RT-PCR A&l % FH RT-PCR yZEAGIIBE % 2H 2R b 11 B
EEHTEPE, Sox9 mRNA ik . K 100 mg A RIBEIZH A E
TIRE R O AR, H A R MAE RS, 4 °C
12 000xg E5.0» 10 min; % & RNeasy® Lipid Tissue Mini Kit iR
6 U PR MR B EUS RNA, B 41 i S RNA 1L, A
FHAZ B2 B 11 23 BT ARSI A&, RNA 3R J5 . PrimeScript®RT reagent
Kit With gDNA Eraser i B 545 B HEAT [ i s [ B o A I
cDNA 4T RT-PCR X, 5175 L% 1.

# 1 | RT-PCR K545
Table1 | Primer sequences of RT-PCR

B Rt i kY NES1 4

MM ALfZ 5 5'-GCA CCT TGG ACG CCA TGA AG-3' 5'-=GCT GCT GCT TCT GGC TCT TG-3'
R 5'-GCT ACG GAG ACA AGG ATG AGT TC-3' 5'-CGT AAA AGA CCT CAC CCT CCA T-3'
Sox9 5'-TGC AGA ATG CTT GCG CTC TC-3' 5'-GGC ACA CAC TGG CTG CTA AA-3'
GAPDH 5'-ATC CTG CAC CAC CAA CTG CT-3' 5'-ACG CCA CAG CTT CCCAGA G-3'

PCR % 4% F: 95 “C 3 min; 95°CA8f% 30s. 60 CiB
K 34s, 72 CHLff 60s, 3L 40 ANMFFF; 95 C 155, 60 C
1 min, 95 °C 15s.,
1.5 EZZUEIAT 4 H BRI GE.
RT-PCR 41l 5 Western blotting ¥4l 45 & .
1.6 ZuitF o SLIHHE UL xes A RIL,
1 SPSS 22.0 HEAT 77 Z /bt -

HETBES

KA # 4

2 258 Results
21 FHEAKT@e s iRt HEBHE T
UL, BRI FERR T AR R 24 h SR EEAE K, S
BEZMVERDMRE, RERL: HREEE, FEEIRN
EPIEK, AMRERTE; 5 3 RIS 40 (B A B R,
EhERRAK, WLE1A. BEiES21d )5, W0 Jtmf
DLHRW, W 1B: RURE T 21d 5, HIRMREGRER I
AR HS, WE1C mEiES21d)E, ¥
R getan] WAL, UWE 1D, %45 Ui o B R IR g
MR o4k AR 40HE . B S e i, B 2 sk
he.

It QA R AAS U1 ) 78 O T 4 M R b R o, 4
K Fi5 CD45(0.76%), fHi#ik CD29(92.21%). CD90(90.16%),
WL 2, 3R A A0 A v P BB ) 70 T A
2.2 BLARMREXHERIAEELER BITIE 4, 8, 12 AR,
TE 5 2H SRt R 28 o P82 G B AR A, BRI T, R IR ZH
SIS R I, HL b S 2 M D 2 o PR R AR R
HLE 3.

Giit o AraE BN, AT AR 5 A [ 557 (0 A o HE () 4t

A TR o A 5] 4 v 2 4R B TR (P < 0.05), SEIRZHIRTT
e % I T 100 R P A T 28 v B i A T3 R4 (P < 0.05), L
*F 2,

R2 | AT ESEREMNENESERERS T2 MVEESELR (k)

Table 2 | Comparison of relative intervertebral disc height index and T2
weighted image signal value of each group after operation

25 531 RS HE [ i o P FR 4 (%)

BIT e 4 VRIT)E 8 A VRITE 12 )8
EHH 100 100 100
[ itE: | 61.3745.21° 53.99+2.18° 48.35+1.19°
R ZH 70.11£2.23° 76.32+2.03° 84.37+1.27°
S 83.15+1.78" 89.37+2.34™ 93.0641.19™
ZH 5 T2 U5 518

RITE 4 HITIE 8 J AR5 12
A 1098.36+12.09 1103.0849.36 1079.34+16.21
HEAZH 382.61+16.23° 292.36+19.11° 112.08+14.66
payiiei:l 458.74420.17° 579.17+15.33" 603.57+12.85°
SaG A 537.88+19.58™ 679.76+21.22" 789.39432.77™

FVE: SIEH IR EL, *P<0.05; SEEMILINH, *P<0.05 SxIIRLIN H, P<0.05

23 A RAME G MRIEELR  WHIThE 4, 8, 12 AR,
IE AR AE T2 INBUEAE 5 T A8k, RSB S0 B
B, xR 5 SEab AUE o DLSR a4 T s 58 i
., WK 3.

T2 IMBUGAE SE G T i Bow, BRI YT 5 & i
) &1 T2 A AE 5 EAK T IE# 41 (P < 0.05), XJ M.
SEG AR IT IS A TR A T2 INBUEAE S8 & TR AL (P <
0.05), SEEGZHIEYT Jo % I 1] AT T2 InAUEAE 5 18 s T 0
ZH (P<0.05), WLF 2.
2.4 BZAARAMEREZBALFIRER IEHHIBAKE - O
R RERZ S e R, A% X AT WK EREAZ AN, A 35 5
R R W e 0 R BEAZ A LR G . BV 5 RS — fP A et
EORBEZ A SN I, BEAZ AN b, AT AR SERE
WA BRI BoRBiZ O (0, Rk S, XTIEZH T
K — PP et R BEAZ A SR e %, e BEA% X T LD
BERZAE AN MG A, HOR Rl e 0 R BEAZ A R e i 5K
IGH ARG — P to BoRBEZ H IR e 38, HF R B IX ]
K BB 2R, F R g 0 R R B AR A SR
FHRERZ A LU G 22 0 W 45 R LA 4.
2.5 A48 #4440 4% Western blotting 425 & R 2 (1) 11
BB JE L 2 R Sox9 T I RIB /KL T IEH 41 (P <0.05),
P REZH S S0 ) TR IR . B TSR M. Sox9 B [ K IA /K
AR (P <0.05), SEERZM A R, 25 (1SR HE . Sox9
RARIEKTE T (P <0.05), WLE S,
2.6 AL RAEAZLLLR RT-PCR 4G 42 R AAIZH ) 1T AR
B EHE. Sox9 mRNA Fik/KFK T IEH# 4 (P <0.05), %I
MR 5 SEaR 2l i T BRI . BRI 58 HE . Sox9 mRNA ik 7/K-F
TR (P <0.05), IR 1T G . 25 2B, Sox9
MRNA F A Km0 A (P <0.05), JLE] 6.
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Figure 3 | Imaging examination of intervertebral discs in each group 12
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