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(P<0.01), GALA 3t R4 AR, 4N 78 i 7 5 7l & 4 collagen Il \aggrecan KRT19 Pax1 mRNA ik KF X collagen Il & & Fkik XF &
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lagen Il # aggrecan mRNA F ik K-F 75 (P<0.05), collagen Il 2 & &K K FF 5 (P<005),, 5 #E 7 i 77 & 7 & 4 A NMN 41 colla-
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Bushen Huoxue Formula promotes nucleus pulposus—like differentiation of
oxidatively damaged ADSCs by regulating the Nampt/NAD"/Sirtl
signaling pathway

DUAN Jiahao, YANG Shaofeng, NIE Ying, XU Shijia, LYU Fudan, LI Wei, LI Shuofu*
The First Hospital of Hunan University of Chinese Medicine, Changsha, Hunan 410007, China

[Abstract] Objective To investigate the effects of Bushen Huoxue Formula (BSHXF) on the nucleus pulposus -like

differentiation of oxidatively damaged adipose—derived mesenchymal stem cells (ADSCs) through the nicotinamide phosphoribosyl-
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transferase (Nampt)/nicotinamide adenine dinucleotide (NAD*)sirtuin 1 (Sirtl) signaling pathway. Methods A co—culture model of rat
ADSCs and nucleus pulposus cells (NPCs) was established using Transwell inserts. Tert—butyl hydroperoxide (T-BHP) was used to
induce oxidative damage for 24 h to simulate the oxidative stress microenvironment associated with intervertebral disc degeneration
(IDD). The cells were divided into blank control, model control, low—dose BSHXF, high-dose BSHXF, nicotinamide mononucleotide
(NMN), and NAMPT inhibitor (FK866) groups. After 48 h of T-BHP treatment, cell morphology was observed under a microscope.
Toluidine blue staining was performed to evaluate proteoglycan (aggrecan) synthesis. The mRNA expression levels of collagen I,
aggrecan, keratin 19 (KRT19), and paired box 1 (Pax1) were detected by quantitative real-time polymerase chain reaction (@PCR). The
protein expression levels of collagen Il and tumor suppressor protein (p53) were checked by Western blot. Sirtl content was mea-
sured by ELISA, and the NAD/NADH ratio was determined using a colorimetric assay. Results Compared with the blank control
group, mRNA expression levels of collagen I, aggrecan, KRT19, and Paxl, as well as the protein expression level of collagen Il
significantly decreased in the model control group (P<0.01), while p53 protein expression level significantly increased (P<0.01). The
Sirtl content and NAD/NADH ratio significantly decreased (P<0.01). Compared with the model control group, high—dose BSHXF
group showed significantly increased mRNA expression levels of collagen II, aggrecan, KRT19, and Paxl, as well as increased pro-
tein expression level of collagen II (P<0.01), together with significantly decreased p53 protein expression level (P<0.01) and signifi-
cantly increased Sirtl content and NAD/NADH ratio (P<001). In the low-dose BSHXF group, mRNA expression levels of collagen 1l
and aggrecan, as well as collagen Il protein expression level significantly increased (P<0.05). Compared with the high-dose BSHXF
group, NMN group showed significantly increased mRNA expression levels of collagen Il and aggrecan and protein expression level
of collagen II (P<001), significantly decreased pS53 protein expression level (P<0.01), and significantly increased Sirtl content and
NADYNADH ratio (P<001). FK866 group showed significantly decreased mRNA expression levels of collagen Il and aggrecan (P<0.01),
decreased KRT19 and Pax] mRNA expression levels (P<0.05), significantly increased collagen Il protein expression level (P<001),
significantly decreased p53 protein expression level (P<001), and decreased Sirtl content and NAD/NADH ratio (P<005). Conclusion
BSHXF can improve the matrix synthesis capacity of oxidatively damaged ADSCs and promote their differentiation toward a nucleus
pulposus-like phenotype. This effect may be associated with an increased NAD7NADH ratio, inhibition of p53, and activation of the
Nampt/NAD'Sirt1 signaling pathway.

(Keywords]) Bushen Huoxue Formula; adipose —derived mesenchymal stem cells; nucleus pulposus cells; nicotinamide
phosphoribosyltransferase/nicotinamide adenine dinucleotide/sirtuin 1 signaling pathway; intervertebral disc degeneration; oxidative
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WP (AL R ER AR A it . G3660-
20ml) ; BCA i & fid ) & U g A YR A TR
oA S AWB0104) ; CCK -8 6 il 32t 7] & (I
iR E R B A PR R S E-CK-A362) ;
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Fig.2 Screening results for T-BHP concentration and medicated—serum volume fraction
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Fig.3 Morphological observation of NPCs before and after degeneration and ADSCs in each group
(%200, scale bar=100 pm)
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Fig.4 Comparison of relative mRNA expression levels in ADSCs between groups
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Fig.5 Western blot images and relative expression levels of collagen II and p53 in ADSCs (n=3)
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Fig.6 Sirtl content and NAD*NADH ratio in ADSCs
between groups (n=3)
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