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Abstract: Metabolic-associated fatty liver disease (MAFLD) and osteoporosis (OP) are two very common
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metabolic diseases. A growing body of experimental evidence supports a pathophysiological link between MAFLD
and OP. MAFLD is often associated with the development of OP. Rutaecarpine (RUT) is one of the main active
components of Chinese medicine Euodiae Fructus. Our previous studies have demonstrated that RUT has lipid-
lowering, anti-inflammatory and anti-atherosclerotic effects, and can improve the OP of rats. However, whether
RUT can improve both fatty liver and OP symptoms of MAFLD mice at the same time remains to be investigated.
In this study, we used C57BL/6 mice fed a high-fat diet (HFD) for 4 months to construct a MAFLD model, and
gave the mice a low dose (5 mg-kg"') and a high dose (15 mg-kg"') of RUT by gavage for 4 weeks. The effects of
RUT on liver steatosis and bone metabolism were then evaluated at the end of the experiment [this experiment was
approved by the Experimental Animal Ethics Committee of Institute of Medicinal Biotechnology, Chinese
Academy of Medical Sciences (approval number: IMB-20190124D,03)]. The results showed that RUT treatment
significantly reduced hepatic steatosis and lipid accumulation, and significantly reduced bone loss and promoted

bone formation. In summary, this study shows that RUT has an effect of improving fatty liver and OP in MAFLD mice.
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Figure 1

The effect of rutaecarpine (RUT) on plasma lipid levels in metabolic-associated fatty liver discase (MAFLD) mice. A: The

chemical structure of RUT; B: The schematic diagram of the experimental procedure in this study. Mice were fed the control diet (CD) or

the high fat diet (HFD) for 16 weeks, and then were intragastrically administered 0.5% carboxymethycellulose sodium (CMC-Na), RUT

(5 or 15 mg-kg™), or obeticholic acid (OCA, 35 mg-kg") once daily for 4 weeks; C: Body weight values (n = 8); D: The average food intake

values (n = 3); E: The plasma lipid total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C) levels (7 = 8). mean = SEM. P < 0.01, "P < 0.001 vs control group; “"P < 0.01, P < 0.001 vs model
group. RUT-L: Low-dose RUT group, 5 mg-kg'; RUT-H: High-dose RUT group, 15 mg-kg
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Figure 2 The effect of RUT on plasma bone metabolism related markers' levels in MAFLD mice. Plasma osteoprotegerin (OPG, A),
receptor activator of nuclear factor-«xB ligand (RANKL, B), and osteopontin (OPN, C) levels in MAFLD mice treated with or without RUT.
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Figure 3 The effect of RUT on fatty liver in MAFLD mice. A: Representative images of H&E staining of liver sections from mice. Scale

bar = 100 um; B: MAFLD activity score (MAS score) for each group according to the H&E staining images (n = 4); C: Representative

images of oil red O (ORO) staining of liver sections from mice. Scale bar = 100 pm; D. The statistics of ORO positive areas were shown

(n=4); E: TG and TC levels in the liver (n = 7-8); F: Plasma alanine transaminase (ALT) and aspartate aminotransferase (AST) levels (n =

7-8). Mean = SEM. “P < 0.05, P < 0.01, *P < 0.001 vs control group; ‘P < 0.05, "P <0.01,
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P <0.001 vs model group
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Figure 4 RUT inhibits bone loss in MAFLD mice. A: Representative micro-CT images of distal femurs from control, model, RUT-L and

RUT-H, respectively; B: Representative micro-CT 3D image of mouse femur distal femurs; C: Trabecular bone parameters including bone

mineral density (BMD), bone volume to tissue volume (BV/TV), trabecular separation (Tb.Sp), trabecular thickness (Tb.Th), and trabecular

number (Tb.N), cortical thickness (Ct.Th), and bone surface area/bone volume (BS/BV) were analyzed by micro-CT. n = 4, mean = SEM.
*P<0.05,"P<0.01, P <0.001 vs control group; P <0.05, "P<0.01, P < 0.001 vs model group
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Figure 5 RUT treatment promotes bone formation in MAFLD mice. A: Representative calcein double labeling images were shown. Scale

bar = 100 um; B: Mineralization deposition rate (MAR) was calculated as in methods part. n = 4, mean = SEM. P < 0.001 vs control

group; P < 0.01 vs model group
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