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Effects of Loganin on Osteoblasts and Coupling Activities
between Osteoblasts and Osteoclasts
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Abstract Building on its effect in promoting osteoblast differentiation, this study investigated how Lo-
ganin influences the coupling between osteoblasts and osteoclasts. To investigate the effects of Loganin on the cou-
pling activities between osteoblasts and osteoclasts based on the promotion of osteoblast differentiation by Loganin.
Using mouse embryonic osteoblast precursor cells (MC3T3-E1) and mouse mononuclear macrophage leukemia
cells (RAW264.7) as experimental models, the effects of Loganin on MC3T3-E1 cell viability were assessed using
the CCK-8 assay. The ALP (alkaline phosphatase) staining, ALP activity assay, and alizarin red staining were ap-
plied to evaluate the Loganin’s impact on osteoblast differentiation. The qRT-PCR was utilized to detect the tran-

scriptions of osteoblast differentiation-related genes, and Western blot were applied to analyze the expressions of
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related proteins. The effects of Loganin on the coupling activities between osteoblasts and osteoclasts were exam-
ined using a co-culture system. The formation of osteoclasts and their resorption function were assessed by TRAP
staining and F-actin staining; and the expression of osteoclast differentiation-related genes was detected by qRT-
PCR. The results showed that Loganin significantly enhanced the viability, ALP activity, and mineralized nodule
formation of MC3T3-E1 cells within a certain concentration range (0.1 pmol/L and 1 umol/L) in a concentration-
dependent manner. Moreover, Loganin (1 umol/L) significantly upregulated the gene expression levels of osteoblast
differentiation markers Runx2, OSX, and OPG, as well as the protein expression levels of Runx2, OPG, and ALP,
while downregulating the gene and protein expression levels of RANKL. In co-culture experiments, the conditioned
medium from the Loganin group significantly inhibited the formation of osteoclasts and F-actin rings and down-
regulated the expression of CTSK and TRAP genes. Therefore, Loganin not only promotes osteoblast differentiation
but also affects the coupling function between osteoblasts and osteoclasts by upregulating OPG and downregulating

RANKL, thereby inhibiting the generation and resorption function of osteoclasts and regulating bone metabolism

balance.
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Table 1 Primer sequences
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Gene name Primer sequence Sequence ID

OSX 5'-GGC TTT TCT GCG GCA AGA GGT T-3' NM_130458
5'-CGC TGA TGT TTG CTC AAG TGG TC-3'

Runx2 5'-CCT GAA CTC TGC ACC AAG TCC T-3' MP214929
5'-TCATCT GGC TCA GAT AGG AGG G-3'

OPG 5'-CGG AAA CAG AGA AGC CAC GCAA-3' MP217752
5'-CTG TCC ACC AAAACA CTC AGC C-3'

TRAP 5'-GCG ACC ATT GTT AGC CAC ATA CG-3' NM_007388
5'-CGT TGA TGT CGC ACA GAG GGA T-3'

CTSK 5'-AGC AGA ACG GAG GCATTG ACT C-3' NM_007802
5'-CCC TCT GCATTT AGC TGC CTT TG-3'

RANKL 5'-GTG AAG ACA CAC TAC CTG ACT CC-3' NM_011613
5'-GCC ACATCC AAC CAT GAG CCT-3'

f-actin 5'-CAT TGC TGA CAG GAT GCA GAA GG-3' NM_007393

5-TGC TGG AAG GTG GAC AGT GAG G-3'

JIA SR /N B

All primers were derived from mice.
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*P<0.05, **P<0.01, 5x} R4 L.
*P<0.05, **P<0.01 compared with the control group.

Ell FERE LoganindtMC3T3-E140R5E 14 HU 5210
Fig.1 Effects of different concentrations of Loganin on the proliferative activity of MC3T3-E1 cells
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A: alkaline phosphatase staining after 7 days of osteogenic induction by various concentrations of Loganin; B: alizarin red staining after 21 days of

osteogenic induction by Loganin, showing brownish-red mineralized nodules; C: quantitative analysis of alkaline phosphatase activity; D: quantitative
analysis of alizarin red staining after 21 days of osteogenic induction by Loganin. *P<0.05, **P<0.01, ***P<0.001 compared with the control group.
E2 LoganinXfMC3T3-E 14005 M i B4 EE H0 5200
Fig.2 Effects of Loganin on alkaline phosphatase activity in MC3T3-E1 cells
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Fig.3 The effects of Loganin on the expression of osteogenic differentiation-related genes and proteins in MC3T3-E1 cells
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Fig.4 The effects of Loganin on osteoblast-osteoclast coupling
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