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In recent years, the incidence of non-alcoholic fatty liver disease (NAFLD) has been increasing worldwide. Hepatic lipid deposition is a major feature of NAFLD, and insulin resistance is one of the most important causes of lipid deposition. Insulin resistance results in the disruption of lipid metabolism homeostasis characterized by increased lipogenesis and decreased lipolysis. Estrogen receptor α (ERα) has been widely reported to be closely related to lipid metabolism. Activating ERa may be a promising strategy to improve lipid metabolism. Here, we used computer-aided drug design technology to discover a highly active compound, YRL-03, which can effectively reduce lipid accumulation. Cellular experimental results showed that YRL-03 could effectively reduce lipid accumulation by targeting ERα, thereby achieving alleviation of insulin resistance. We believe this study provides meaningful guidance for future molecular development of drugs to prevent and treat NAFLD.
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1 INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has become the most common chronic liver disease in the world (Li et al., 2018), affecting more than 30% of the general population in western countries, and its incidence continues to increase in other parts of the world (Asrih and Jornayvaz, 2015). NAFLD is a multifactorial disease triggered by interactions between environment, genetic background, and metabolic stress (Lonardo et al., 2017). Unlike alcoholic fatty liver disease, patients have no history of excessive alcohol consumption (Ahmed, 2015). The pathogenic mechanisms involved in NAFLD are complex and have not yet been fully elucidated (Xi and Li, 2020; Hrncir et al., 2021). Insulin resistance is one of the key factors in the development of steatosis (Alam et al., 2016), which leads to an imbalance between hepatic lipogenesis and metabolism, mainly manifested by increased de novo lipogenesis and decreased adipose tissue lipolysis (Saponaro et al., 2015). If NAFLD is not controlled, it will further develop into liver cirrhosis (Zhou et al., 2020), and may eventually develop into hepatocellular carcinoma, which seriously threatens human health (Chrysavgis et al., 2022). However, there is no drug specifically for the treatment of NAFLD on the market so far (Ma et al., 2019; Wang et al., 2020). Some drugs that regulate metabolism, oxidative stress and anti-fibrosis are still in the clinical stage (Kumar et al., 2021), such as Pioglitazone (Della Pepa et al., 2021), Elafibranor (Boeckmans et al., 2022), Saroglitazar (Gawrieh et al., 2021), Obeticholic acid (Abenavoli et al., 2018; Malnick et al., 2020), Selonsertib (Reimer et al., 2020) and Vitamin E (Perumpail et al., 2018) (Figure 1). Therefore, there is an urgent need to develop novel drugs with high efficacy and minimal side effects for the treatment of NAFLD. Lipid metabolism plays a key role in the progression of NAFLD (Lai et al., 2016), and insulin resistance is one of the most important causes of lipid deposition. Insulin resistance results in the disruption of lipid metabolism homeostasis characterized by increased lipogenesis and decreased lipolysis (Yao et al., 2016). Estrogen receptor α (ERα) has been widely reported to be closely related to lipid metabolism, especially has an important impact on NAFLD (Meda et al., 2022). Studies have shown that the activation of ERα can effectively reduce the accumulation of liver lipids (Chen et al., 2020). Based on this, we plan to use computer-assisted drug design technology to develop an agonist of ERα, which can effectively reduce lipid accumulation by targeting ERα, thereby achieving the purpose of alleviating NAFLD.
[image: Figure 1]FIGURE 1 | Drug molecules that have entered clinical phase III.
2 RESULTS AND DISCUSSION
For the target of ERα, we used computer-aided drug design technology to discover a compound 3-(1-(2,4-dichlorobenzyl)-1H-indazol-3-yl)propanehydrazide (YRL-03) with strong interaction with ERα (Figure 2). Molecular docking experiments show that the chlorine atom on the benzene ring of YRL-03 has a strong electrophilic interaction with the amino group on the amino acid site F445 of ERα, and the nitrogen atom on the hydrazide of YRL-03 has a strong electrophilic interaction with the carbonyl group on the amino acid site L507. In addition, the benzene ring of YRL-03 has an arene-arene interaction with the benzene ring of F445.
[image: Figure 2]FIGURE 2 | Computer-assisted molecular docking experiments (PDB: 5GS4).
Subsequently, starting from cheap and easily available indazole, we used the developed chemical synthesis route to rapidly synthesize the target molecule YRL-03 by a four-step reaction, and the total yield of four-step reaction is 43.6% (Scheme 1). To our delight, the whole reaction process is mild, no nitrogen protection is required, and no hazardous reagents are used.
[image: Scheme 1]SCHEME 1 | Chemical synthesis of YRL-03a.
aReaction conditions: (a) NBS, Hexafluoroisopropanol (HFIP), 0°C, 0.25 h; (b) 2,4-dichloro-1-(chloromethyl)benzene, K2CO3, acetone, 70°C, 12 h, 78% (two steps); (c) methyl acrylate, Pd(OAc)2, TEA, PPh3, DMF, 100°C, 18 h, 81%; (d)N2H4. H2O, EtOH, rt, 12 h, 96%.
With the obtaining target molecule YRL-03 in hand, we began to try to verify whether this compound has the effect of reducing lipid accumulation. The cellular model is a model of lipid deposition in hepatocytes induced by oleic acid. First, hepatocytes were treated with 125 μm sodium oleate to induce lipid deposition, resulting in a uniform distribution of lipid droplets in hepatocytes without significant changes in cell morphology. Second, YRL-03 was formulated into five gradient concentrations of 6.25, 12.5, 25, 50, and 100 μm, respectively, to verify the effect of different gradient concentrations on lipid deposition. Cell experiments showed that lipid droplets were significantly reduced at 6.25 μm, but little change at 12.5, 25, 50, and 100 μm. It reveals that YRL-03 had a good effect of reducing lipid accumulation under the administration of 6.25 μm gradient concentration.
In order to find more excellent active compunds, we imagined that if the 3-position alkyl hydrazide of the indazole was changed to an aryl hydrazide, would it produce better results? Based on this hypothesis, we synthesized compound 2 by a similar synthetic method, and tested its effect on lipid accumulation. Regrettably, the test results showed that compound 2 did not show a good effect on reducing lipid accumulation. When the gradient concentration was 6.25 μm, lipid deposition did not decrease but increased. When the gradient concentration increased to 100 μm, the cell morphology changed significantly (Figure 3).
[image: Figure 3]FIGURE 3 | Effects of YRL-03 and compound 2 on lipid accumulation. (A) Chemical structure of YRL-03 and compound 2. (B) Control experiment. (C) Effects of different concentration gradients of YRL-03 and compound 2 on lipid accumulation.
Adjudin is a potential non-hormonal male contraceptive under development (Mruk et al., 2006). We found that adjudin and its derivatives also have interaction with ER in previous studies, but the cell experiments showed that they had little inhibitory effect on estrogen receptors (Yao et al., 2022). Therefore, we envisioned whether they would have the opposite effect, being an estrogen receptor agonist. Based on this idea, we synthesized Adjudin and its derivative 4, and verified their effects on lipid deposition at different gradient concentrations (Figure 4, the same control used for compounds 1, 2, 3 and 4). The results of cell experiments showed that Adjudin did not reduce lipid deposition at low concentrations. When the concentration was increased to 50 and 100 μm, it had a weak effect on reducing lipid deposition. The low concentration of compound 4 did not reduce lipid deposition, and when the concentration was increased to 50 and 100 μm, lipid droplets were reduced, but cell morphology was changed.
[image: Figure 4]FIGURE 4 | Effects of compounds 3 and 4 on lipid accumulation. (A) Chemical structure of compounds 3 and 4. (B) Control experiment. (C) Effects of different concentration gradients of compounds 3 and 4 on lipid accumulation.
Given that compound 4 has a certain lipid-lowering effect at 50 and 100 μm, we imagined whether changing the hydrazide substituent on the indole backbone of compound 4 to carboxyl or amide could enhance its lipid-lowering effect. Based on this idea, we synthesized compounds 5 and 6, and tested their effects on fat accumulation (Figure 5). The cell experiments results showed that the two compounds had no effect on reducing fat accumulation. Even with increasing their concentration, lipid droplets are still present in abundance.
[image: Figure 5]FIGURE 5 | Effects of compounds 5 and 6 on lipid accumulation. (A) Chemical structure of compounds 5 and 6. (B) Control experiment. (C) Effects of different concentration gradients of compounds 5 and 6 on lipid accumulation.
The position of the substituent has a strong correlation with the biological activity of the compound. Therefore, the biological activity may also change greatly when the position of the substituent changes. To improve the biological activity of ER-targeted agonists, we changed the hydrazide position on the adjudin indazole backbone from 3 to 5 or 6 to obtain compounds 7 and 8, and tested their effects on fat accumulation (Figure 6, the same control used for compounds 5, 6, 7 and 8), respectively. Unfortunately, it didn’t end up as we expected. Cell experiments showed that compounds 7 and 8 did not reduce fat accumulation. When the gradient concentration of compound 8 was increased to 50 and 100 μM, the cell morphology changed significantly.
[image: Figure 6]FIGURE 6 | Effects of compounds 7 and 8 on lipid accumulation. (A) Chemical structure of compounds 7 and 8. (B) Control experiment. (C) Effects of different concentration gradients of compounds 7 and 8 on lipid accumulation.
3 CONCLUSION
In conclusion, we developed an ERα-targeting agonist YRL-03 by computer-aided drug design technology, which was effective in reducing lipid accumulation at a concentration of 6.25 μm. Cell experiments showed that YRL-03 could effectively inhibit lipid accumulation. The specific interaction mode of YRL-03 and ERα given by molecular docking experiments is that the chlorine atom on the benzene ring of YRL-03 has a strong electrophilic interaction with the amino group on the amino acid site F445 of ERα, and the benzene ring of YRL-03 have aromatic-aromatic interactions with the benzene ring of F445, the nitrogen atom on the YRL-03 hydrazide has a strong electrophilic interaction with the carbonyl group on the amino acid site L507. Notably, the target compound can be obtained from cheap and easily available indazole through four-step reactions, and the whole reaction process is simple to operate and does not need flammable and explosive dangerous reagents. Further molecular structure optimization and toxicology experiments are ongoing in our group. We believe that the results of this study will provide meaningful guidance for the future development of drugs that can effectively treat NAFLD.
4 EXPERIMENTAL SECTION
General Information Unless stated otherwise, all reactions were conducted in pressure tubes under N2. All solvents were received from commercial sources without further purification. Commercially available reagents were used as received. Non-commercially available substrates were synthesized following reported protocols. Thin-layer chromatography (TLC) was visualized using a combination of UV and potassium permanganate staining techniques. Silica gel (particle size 40–63 μm) was used for flash column chromatography. NMR spectra were recorded on Bruker AV 400 spectrometer at 400 MHz (1H NMR), 100 MHz (13C NMR). Proton and carbon chemical shifts are reported relative to the solvent used as an internal reference. The results of molecular docking experiments were completed using Schrödinger and Molecular Operating Environment (MOE).
Typical Procedure for Synthesis of Compund 1. Indazole (5 mmol) was added to a stirred mixture of NBS (5.5 mmol, 1.1 equiv.) in HFIP (15 ml). After 0.25 h at 0°C, the organic layer was washed successively with aq NaHCO3, and brine, dried over anhydrous sodium sulphate, filtered, and evaporated in vacuo. Then the crude material was dissolved in acetone, and to the mixture 2,4-dichloro-1-(chloromethyl)benzene (5.5 mmol, 1.1 equiv.), K2CO3 (22 mmol, 4.4 equiv.) were added. The reaction mixture was refluxed overnight at 70°C. Then it was cooled to room temperature, filtered, and the residue was washed with acetone. The combined filtrate was concentrated under vacuum. The solid was dissolved in DCM and filtered to remove any undissolved solid. The residue was re-crystallized (DCM/hexane) to afford the pure product 3-bromo-1-(2,4-dichlorobenzyl)-1H-indazole as a white solid in 78% yield (two steps).
To a glass pressure tube were added 3-bromo-1-(2,4-dichlorobenzyl)-1H-indazole (0.5 mmol, 1.0 equiv.), Pd (OAc)2 (0.05 mmol, 10 mol%), PPh3 (0.1 mmol, 20 mol%) and anhydrous DMF (2 ml) under N2. and then TEA (1.5 mmol, 3.0 equiv.) and methyl acrylate (5 mmol, 10.0 equiv.) were added. The resulting solution was stirred at 100°C for 18 h. Cool the reaction mixture and dilute with EA. Wash with waterand dry over Na2SO4. Evaporate and purify the residue by column chromatography to obtain the product methyl (E)-3-(1-(2,4-dichlorobenzyl)-1H-indazol-3-yl)acrylate in 81% yield.
To a solution of methyl (E)-3-(1-(2,4-dichlorobenzyl)-1H-indazol-3-yl)acrylate (1 mmol, 1.0 equiv.) in ethanol at room temperature was added hydrazine hydrate (50 mmol, 50.0 equiv.). The reaction mixture was stirred at room temperature over night. The volatiles were removed under reduced pressure and the crude mass was diluted with dichloromethane, washed with water, brine, dried over anhydrous sodium sulphate and the solvent was removed under reduced pressure to obtain the crude product. The residue was purified by column chromatography to afford the pure product 1 (YRL-03) as a white solid in 96% yield.
Cell Culture. Human hepatic L02 cells were obtained from the American Type Culture Collection, and cultured with Roswell Park Memorial Institute (RPMI) 1,640 medium (Hyclone, UT, United States) supplemented with 10% fetal bovine serum (Biological Industries, CT, United States) and 1% penicillin/streptomycin (Hyclone, UT, United States).
Oil red O staining. L02 cells were seeded in 24-well plates and induced with sodium oleate at 100 μm for 24 h when reaching 50% confluence. Then cells were treated with compounds at 6.25, 12.5, 25, 50, 100 μm for 24 h. Then cells were washed with phosphate buffer saline (PBS) and fixed with 4% paraformaldehyde (PFA, Sangon, Shanghai, China) for 20 min at room temperature, stained with freshly diluted oil red O staining solution (3 mg/ml) for 45 min, rinsed with PBS, and sealed with glycerin (Chu et al., 2019). Lipid droplets in cells were captured by an optical microscope (Zeiss).
3-(1-(2,4-dichlorobenzyl)-1H-indazol-3-yl)propanehydrazide (1). White solid (61% yield, four steps). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 1 H), 7.42 (d, J = 2.0 Hz, 1 H), 7.40-7.35 (m, 1 H), 7.30-7.28 (m, 1 H), 7.18-7.14 (m, 2 H), 7.09 (dd, J = 8.0, 1.6 Hz, 1 H), 6.60 (d, J = 8.4 Hz, 1 H), 5.59 (s, 2 H), 3.83 (s, 2 H), 3.34 (t, J = 7.2 Hz, 2 H), 2.74 (t, J = 7.2 Hz, 2 H).13C NMR (100 MHz, CDCl3) δ 173.3, 144.8, 140.8, 134.0, 133.4, 133.0, 129.3, 129.3, 127.5, 127.1, 122.9, 120.6, 120.4, 109.1, 49.3, 33.0, 22.6.
3-(1-(2,4-dichlorobenzyl)-1H-indazol-3-yl)benzohydrazide (2).[23] White solid (77% yield, two steps). 1H NMR (400 MHz, CDCl3) δ 8.35 (t, J = 1.6 Hz, 1 H), 8.15 (dt, J = 7.6, 1.2 Hz, 1 H), 8.06 (d, J = 8.0 Hz, 1 H), 7.78 (dt, J = 8.0, 1.2 Hz, 1 H), 7.59 (t, J = 7.6 Hz, 1 H), 7.49 (s, 1 H), 7.44 (d, J = 2.4 Hz, 1 H), 7.42-7.37 (m, 2 H), 7.29-7.27 (m, 1 H), 7.09 (dd, J = 8.4, 2.4 Hz, 1 H), 6.73-6.71 (m, 1 H), 5.72 (s, 2 H), 4.14 (s, 2 H).13C NMR (100 MHz, DMSO)δ 165.9, 142.9, 141.4, 134.2, 133.9, 133.3, 133.21, 133.16, 130.7, 129.6, 129.2, 129.1, 127.8, 127.0, 126.6, 125.5, 121.9, 121.2, 120.9, 110.3, 49.3.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
AUTHOR CONTRIBUTIONS
JY is responsible for molecular docking experiments and writing this manuscript. WY is responsible for the synthesis of small molecular compounds. HY is responsible for collecting literature. YS is responsible for collecting literature. YZ is responsible for completing cell experiments and organizing cell experiment data.
FUNDING
We thank the National Key Research and Development Program of China (2022YFC2804400) and the Taishan Scholar Project of Shandong Province (tsqn202103108) for financial support.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fchem.2022.1104249/full#supplementary-material
REFERENCES
 Abenavoli, L., Falalyeyeva, T., Boccuto, L., Tsyryuk, O., and Kobyliak, N. (2018). Obeticholic acid: A new era in the treatment of nonalcoholic fatty liver disease. Pharmaceuticals 11, 104. doi:10.3390/ph11040104
 Ahmed, M. (2015). Non-alcoholic fatty liver disease in 2015. World J. hepatology 7, 1450. doi:10.4254/wjh.v7.i11.1450
 Alam, S., Mustafa, G., Alam, M., and Ahmad, N. (2016). Insulin resistance in development and progression of nonalcoholic fatty liver disease. World J. Gastrointest. Pathophysiol. 7, 211. doi:10.4291/wjgp.v7.i2.211
 Asrih, M., and Jornayvaz, F. R. (2015). Metabolic syndrome and nonalcoholic fatty liver disease: Is insulin resistance the link?Mol. Cell. Endocrinol. 418, 55–65. doi:10.1016/j.mce.2015.02.018
 Boeckmans, J., Gatzios, A., Heymans, A., Rombaut, M., Rogiers, V., Kock, J. D. J., et al. (2022). Transcriptomics reveals discordant lipid metabolism effects between in vitro models exposed to elafibranor and liver samples of NAFLD patients after bariatric surgery. Cells 11, 893. doi:10.3390/cells11050893
 Chen, Q., Chao, Y., Zhang, W., Zhang, Y., Bi, Y., Fu, Y., et al. (2020). Activation of estrogen receptor α (ERα) is required for Alisol B23-acetate to prevent post-menopausal atherosclerosis and reduced lipid accumulation. Life Sci. 258, 118030. doi:10.1016/j.lfs.2020.118030
 Chrysavgis, L., Giannakodimos, I., Diamantopoulou, P., and Cholongitas, E. (2022). Non-alcoholic fatty liver disease and hepatocellular carcinoma: Clinical challenges of an intriguing link. World J. Gastroenterology 28, 310–331. doi:10.3748/wjg.v28.i3.310
 Chu, Q., Zhang, S., Chen, M., Han, W., Jia, R., Chen, W., et al. (2019). Cherry anthocyanins regulate NAFLD by promoting autophagy pathway. Oxid. Med. Cell. Longev. 2019. doi:10.1155/2019/4825949
 Della Pepa, G., Russo, M., Vitale, M., Carli, F., Vetrani, C., Masulli, M., et al. (2021). Pioglitazone even at low dosage improves NAFLD in type 2 diabetes: Clinical and pathophysiological insights from a subgroup of the TOSCA.IT randomised trial. Diabetes Res. Clin. Pract. 178, 108984. doi:10.1016/j.diabres.2021.108984
 Gawrieh, S., Noureddin, M., Loo, N., Mohseni, R., Awasty, V., Cusi, K., et al. (2021). Saroglitazar, a PPAR-α/γ agonist, for treatment of NAFLD: A randomized controlled double-blind phase 2 trial. Hepatology 74, 1809–1824. doi:10.1002/hep.31843
 Hrncir, T., Hrncirova, L., Kverka, M., Hromadka, R., Machova, V., Trckova, E., et al. (2021). Gut microbiota and NAFLD: Pathogenetic mechanisms, microbiota signatures, and therapeutic interventions. Microorganisms 9, 957. doi:10.3390/microorganisms9050957
 Kumar, V., Xin, X., Ma, J., Tan, C., Osna, N., and Mahato, R. I. (2021). Therapeutic targets, novel drugs, and delivery systems for diabetes associated NAFLD and liver fibrosis. Adv. Drug Deliv. Rev. 176, 113888. doi:10.1016/j.addr.2021.113888
 Lai, Y. S., Lee, W. C., Lin, Y. E., Ho, C. T., Lu, K. H., Lin, S. H., et al. (2016). Ginger essential oil ameliorates hepatic injury and lipid accumulation in high fat diet-induced nonalcoholic fatty liver disease. J. Agric. Food Chem. 64, 2062–2071. doi:10.1021/acs.jafc.5b06159
 Li, B., Zhang, C., and Zhan, Y. T. (2018). Nonalcoholic fatty liver disease cirrhosis: A review of its epidemiology, risk factors, clinical presentation, diagnosis, management, and prognosis. Can. J. Gastroenterology Hepatology 2018, 1–8. doi:10.1155/2018/2784537
 Lonardo, A., Nascimbeni, F., Targher, G., Bernardi, M., Bonino, F., Bugianesi, E., et al. (2017). AISF position paper on nonalcoholic fatty liver disease (NAFLD): Updates and future directions. Dig. Liver Dis. 49, 471–483. doi:10.1016/j.dld.2017.01.147
 Ma, J., Yin, H., Li, M., Deng, Y., Ahmad, O., Qin, G., et al. (2019). A comprehensive study of high cholesterol diet-induced larval zebrafish model: A short-time in vivo screening method for non-alcoholic fatty liver disease drugs. Int. J. Biol. Sci. 15, 973–983. doi:10.7150/ijbs.30013
 Malnick, S., Mildiner, S., and Neuman, M. G. (2020). Obeticholic acid for treatment of NAFLD—A drug in search of a disease. GastroHep 2, 133–137. doi:10.1002/ygh2.397
 Meda, C., Dolce, A., Vegeto, E., Maggi, A., and Torre, S. D. (2022). Erα-dependent regulation of adropin predicts sex differences in liver homeostasis during high-fat diet. Nutrients 14, 3262. doi:10.3390/nu14163262
 Mruk, D. D., Wong, C. H., Silvestrini, B., and Cheng, C. Y. (2006). A male contraceptive targeting germ cell adhesion. Nat. Med. 12, 1323–1328. doi:10.1038/nm1420
 Perumpail, B. J., Li, A. A., John, N., Sallam, S., Shah, N. D., Kwong, W., et al. (2018). The role of Vitamin E in the treatment of NAFLD. Diseases 6, 86. doi:10.3390/diseases6040086
 Reimer, K. C., Wree, A., Roderburg, C., and Tacke, F. (2020). New drugs for NAFLD: Lessons from basic models to the clinic. Hepatol. Int. 14, 8–23. doi:10.1007/s12072-019-10001-4
 Saponaro, C., Gaggini, M., Carli, F., and Gastaldelli, A. (2015). The subtle balance between lipolysis and lipogenesis: A critical point in metabolic homeostasis. Nutrients 7, 9453–9474. doi:10.3390/nu7115475
 Wang, C., Hu, N. H., Yu, L. Y., Gong, L. H., Dai, X. Y., Peng, C., et al. (2020). 2, 3, 5, 4'-tetrahydroxystilbence-2-O-β-D-glucoside attenuates hepatic steatosis via IKKβ/NF-κB and Keap1-Nrf2 pathways in larval zebrafish. Biomed. Pharmacother. 127, 110138. doi:10.1016/j.biopha.2020.110138
 Xi, Y., and Li, H. (2020). Role of farnesoid X receptor in hepatic steatosis in nonalcoholic fatty liver disease. Biomed. Pharmacother. 121, 109609. doi:10.1016/j.biopha.2019.109609
 Yao, H., Qiao, Y. J., Zhao, Y. L., Tao, X. F., Xu, L. N., Yin, L. H., et al. (2016). Herbal medicines and nonalcoholic fatty liver disease. World J. Gastroenterology 22, 6890. doi:10.3748/wjg.v22.i30.6890
 Yao, W. W., Wang, P. R., Yang, H. H., Pu, X. H., and Yang, J. F. (2022). Development of potent ERα inhibitors: Effectively inhibit the growth of breast cancer cells. ChemistrySelect 7, e202201451. doi:10.1002/slct.202201451
 Zhou, J., Zhou, F., Wang, W., Zhang, X.-J., Ji, Y.-X., Zhang, P., et al. (2020). Epidemiological features of NAFLD from 1999 to 2018 in China. Hepatology 71, 1851–1864. doi:10.1002/hep.31150
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Yang, Yao, Yang, Shen and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fchem-10-1104249-g005.gif





OPS/images/fchem-10-1104249-g006.gif





OPS/images/fchem-10-1104249-g003.gif





OPS/images/fchem-10-1104249-g004.gif





OPS/images/fchem-10-1104249-g007.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Design and synthesis of ERα agonists: Effectively reduce lipid accumulation		1 Introduction

		2 Results and discussion

		3 Conclusion

		4 Experimental section

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Chemistry






OPS/images/fchem-10-1104249-g001.gif





OPS/images/fchem-10-1104249-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
2 frontiers | Frontiers in Chemistry





