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Abstract: Objective To investigate the preventive and therapeutic effects of specnuezhenide on postmenopausal osteoporosis
(PMOP) and its molecular mechanism. Methods Osteoblasts and RAW264.7 cells (osteoclasts) induced by receptor activator of
nuclear factor-kB ligand (RANKL) were cultured in vitro. The cells were treated with 0 (control group), 5, and 10 umol-L™! loganin

solution for 72 h. Alizarin red staining was used to observe the effects of loganin on osteoblast maturation and differentiation. Real-
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time fluorescence quantitative PCR (qQRT-PCR) and Western blotting were used to detect the mRNA and protein expression of Runt-
related transcription factor 2 (Runx2), alkaline phosphatase (ALP), Osterix, osteoprotegerin (OPG)/RANKL in osteoblasts. qRT-PCR
was used to detect the mRNA levels of matrix metalloproteinase 9 (MMP9), c-FOS, nuclear factor of activated T cells c1 (NFATcI),
and cathepsin K (CTSK) in osteoclasts. Western blotting was used to detect the protein expression of c-FOS, NFATc1, tumor necrosis
factor receptor-associated factor 6 (TRAF6), p-phosphatidylinositol 3-kinase (PI3K)/PI3K, and p-protein kinase B (Akt)/Akt in
osteoclasts. In vivo experiments were conducted to establish a PMOP model in ovariectomized rats. Low and high doses of loganin (1
and 2 mg-kg™!) were administered for 8 weeks. Masson staining was used to observe the tibial structure. Micro-CT was used to detect
the trabecular bone number (TB.N), trabecular bone volume fraction (BV/TV), trabecular thickness (TB.Th), and trabecular separation
(TB.Sp) of the tibia. ELISA was used to detect the levels of bone-specific alkaline phosphatase (BALP), tartrate-resistant acid
phosphatase 5b (TRAP-5b), CTSK, B-C-terminal telopeptide of type I collagen (B-CTX), tumor necrosis factor (TNF)-a, and
interleukin (IL)-6 in peripheral blood. qRT-PCR was used to detect the mRNA levels of Runx2, Osterix, OPG/RANKL, NFATc1, c-
FOS, and TRAF6 in bone tissue. Western blotting was used to detect the protein expression of NFATc1, c-FOS, and TRAF6 in bone
tissue. Results Osteoblasts: Compared with the control group, the mineralization degree in the 5 and 10 umol-L™! loganin groups was
significantly increased (P < 0.05), and the mRNA and protein levels of Runx2, ALP, Osterix, and OPG/RANKL were significantly
increased (P < 0.05, 0.01, 0.001). Osteoclasts: Compared with the control group, the mRNA levels of MMPY, ¢-FOS, NFATIcl, and
CTSK in the loganin groups were significantly decreased (P < 0.05, 0.01), and the protein expression of ¢c-FOS, NFATc1, TRAF6, p-
PI3K/PI3K, and p-Akt/Akt was significantly downregulated (P < 0.05, 0.01). Animal experiments: Compared with the model group,
the trabecular bone area in the low and high-dose loganin groups was significantly increased (P < 0.01); TB.Th, TB.N, and BV/TV
values were significantly increased (P < 0.05, 0.01), and TB.Sp values were significantly decreased (P < 0.01). The levels of BALP in
peripheral blood significantly increased (P < 0.01), while the levels of TRAP-5b significantly decreased (P < 0.01, 0.001), and the
levels of CTSK and B-CTX significantly decreased (P < 0.01). The levels of TNF-a and IL-6 also significantly decreased (P < 0.05,
0.01, 0.001). In bone tissue, the mRNA levels of Runx2, Osterix, and OPG/RANKL significantly increased (P < 0.001), while the
mRNA levels of NFATc1, c-FOS, and TRAF6 significantly decreased (P < 0.01, 0.001). The protein contents of NFATc1, ¢c-FOS, and
TRAF6 also significantly decreased (P < 0.05, 0.01). Conclusion Specnue exerts dual effects of promoting osteogenesis and
inhibiting osteoclastogenesis by regulating the RANKL/RANK and PI3K/AKT signaling pathways.

Key words: specnuezhenide; receptor activator of nuclear factor-kB ligand (RANKL); osteoclasts; osteoporosis; postmenopausal
osteoporosis; PI3K/Akt
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Fig. 1 Alizarin red staining to observe effect of specnue on maturation and differentiation of osteoblasts (x200)
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Fig. 2 Effect on expression of mRNA related to osteoblast formation factors by specnue ( X s, n=3)
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i TB.Sp LEH I (P<<0.01) ; FIE TR, 5
Z TR kY TB.The TB.N fil BV/TV
fEER T (P<0.05. 0.01) , TB.Sp {42 & &K
(P<0.01) .
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Fig. 5 Effects of specnue on expression of related proteins in RAW 264.7 cells induced by RANKL ( X £s5, n=3)
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5E\RFRALLLE: #P<0.001; HHEAHLE: “P<0.01.
##P < 0.001 vs sham-operated group; *"P < 0.01 vs model group.

6 Masson BN ZAEXERERFIEFFM (X200)
Fig. 6 Masson staining to detect pathological effects of specnue on osteoporosis (x200)

3.2.3 ELISA Kl 4 JE i AR S Bl « Bl R 1 K
AR AR SR IE 8, SERFARALE,
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B, g U4 BALP K2 B (P<0.0D)

TRAP-5b /K& FF% (P<0.01. 0.001) , B4
wOUH A DA R B R AP . SERTFEARLLL
i, FAVHANE MG CTSK. B-CTX /K& T
(P<0.001) ; SHIRIAELE:, H5 4o vl CTSK.
B-CTX /KB Z MK (P<<0.01) , FEAKE L vitFn]
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7 Micro-CT 4 ZIEN KR ESHBFN (X =5, n=6)

Fig. 7 Micro-CT analysis of effects of specnue on bone parameters of rats ( X s, n=6)
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3.2.5 Western blotting FI K FH HE A S
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4 g

PMOP & 5 MEB /D AIAE RS I KA G 1) 4 &
HAEHERR . A2 S I R T REIR I T BUMER
FACPIRIEFTIE 7 BT S BRI 1A )P, 3
HEERD . IR, BT R R T A
JAE HRTIEPRE a7 TBOanssim . XUBER £5 &
R BT IEFERA — 7 2, (HWAAEEIIAE
BEPETR . R SRS RN, 202 1R
FICTTRETF R FLARIE « 5 30 1) R AU o 22 0
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B8 ELISA #MFZ iHFMEMNEAMME. WERRERXEFKE (X £s, n=6)
Fig. 8 Changes in osteogenic, osteoclastic and inflammatory-related factors in peripheral blood after treatment with specnue
detected by ELISA ( X £s, n=6)
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9 RT-PCR #MHF i EH KR EHLHEXERRIENEM (X £s, n=6)

Fig. 9 qRT-PCR detection of specnue on expression of related genes in rat bone tissue ( X £s, n=6)
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10 Western blotting 45 & T BT KR BHALAFHEXELRIENFM (X £s5, n=6)

Fig. 10 Western blotting analysis of specnue on expression of related proteins in rat bone tissue ( X £s, n=6)
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