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                    Abstract
Purpose
The major aim of the present study was to determine the effects of quercetin, a well-known flavonoid, on attenuating cisplatin (CDDP)-induced fat loss and the possible mechanisms.
Methods
Tumor-bearing nude mice and tumor-free BALB/c mice were administrated with CDDP alone or in combination with quercetin by a diet containing 0.1% or 1% quercetin (LQ or HQ) or by intraperitoneal injection (IQ) to determine the effects of quercetin on the anticancer effect of CDDP or CDDP-induced fat loss. The effects of quercetin on fat accumulation in CDDP-exposed 3T3-L1 cells were also determined.
Results
We first showed that HQ and IQ significantly enhanced the anticancer effect of CDDP by upregulating p53- and p21-associated pathways, while tended to attenuate CDDP-induced fat loss in tumor-bearing nude mice. The study in 3T3-L1 cells showed that CDDP decreased the fat accumulation accompanied by strong upregulation of the expression of six genes which are associated with fat metabolism, while quercetin completely suppressed such an effect. The tumor-free BALB/c mice study consistently showed a protective effect of HQ on CDDP-induced body weight and epididymal fat loss. HQ also increased the fat levels in liver and muscle tissues. In epididymal fat tissues, HQ consistently attenuated CDDP-induced changes in fat metabolism-associated gene expression. However, CDDP alone or in combination with HQ did not affect the food intake.
Conclusions
This study demonstrates that quercetin possesses the potential to suppress CDDP-induced fat loss may partly through the regulation of the fat metabolism-associated gene expression.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The adipocyte microenvironment and cancer
                                        
                                    

                                    
                                        Article
                                        
                                         08 August 2022
                                    

                                

                                Abir Mukherjee, Agnes J. Bilecz & Ernst Lengyel

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Regulation and targeting of SREBP-1 in hepatocellular carcinoma
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 December 2023
                                    

                                

                                Fengting Su & Andreas Koeberle

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A comprehensive review on phytochemistry, pharmacology, preclinical, and clinical trials of Cydonia oblonga
                                        
                                    

                                    
                                        Article
                                        
                                         29 March 2024
                                    

                                

                                Tuba, Muhammad Ajaz Hussain, … Zahid Shafiq

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Murphy RA, Wilke MS, Perrine M, Pawlowicz M, Mourtzakis M, Lieffers JR, Maneshgar M, Bruera E, Clandinin MT, Baracos VE, Mazurak VC (2010) Loss of adipose tissue and plasma phospholipids: relationship to survival in advanced cancer patients. Clin Nutr 29:482–487
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ebadi M, Mazurak VC (2014) Evidence and mechanisms of fat depletion in cancer. Nutrients 6:5280–5297
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ghosh S (2019) Cisplatin: the first metal based anticancer drug. Bioorg Chem 88:102925
CAS 
    PubMed 
    
                    Google Scholar 
                

	Garcia JM, Scherer T, Chen JA, Guillory B, Nassif A, Papusha V, Smiechowska J, Asnicar M, Buettner C, Smith RG (2013) Inhibition of cisplatin-induced lipid catabolism and weight loss by ghrelin in male mice. Endocrinology 154:3118–3129
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Anand David AV, Arulmoli R, Parasuraman S (2016) Overviews of biological importance of quercetin: a bioactive flavonoid. Pharmacogn Rev 10:84–89
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Rather RA, Bhagat M (2019) Quercetin as an innovative therapeutic tool for cancer chemoprevention: molecular mechanisms and implications in human health. Cancer Med. https://doi.org/10.1002/cam4.1411
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sánchez-González PD, López-Hernández FJ, Dueñas M, Prieto M, Sánchez-López E, Thomale J, Ruiz-Ortega M, López-Novoa JM, Morales AI (2017) Differential effect of quercetin on cisplatin-induced toxicity in kidney and tumor tissues. Food Chem Toxicol 107:226–236
PubMed 
    
                    Google Scholar 
                

	Chan ST, Chuang CH, Lin YC, Liao JW, Lii CK, Yeh SL (2018) Quercetin enhances the antitumor effect of trichostatin A and suppresses muscle wasting in tumor-bearing mice. Food Funct 9:871–879
CAS 
    PubMed 
    
                    Google Scholar 
                

	Council for the international organizations of medical sciences, international guiding principles for biomedical research involving animals. https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en_htm (accessed 2012.05.03)

	Bartucci M, Dattilo R, Martinetti D, Todaro M, Zapparelli G, Di Virgilio A, Biffoni M, De Maria R, Zeuner A (2011) Prevention of chemotherapy-induced anemia and thrombocytopenia by constant administration of stem cell factor. Clin Cancer Res 17:6185–6191
CAS 
    PubMed 
    
                    Google Scholar 
                

	Student AK, Hsu RY, Lane MD (1980) Induction of fatty acid synthetase synthesis in differentiating 3T3-L1 preadipocytes. J Biol Chem 255:4745–4750
CAS 
    PubMed 
    
                    Google Scholar 
                

	Cho EJ, Rahman MA, Kim SW, Baek YM, Hwang HJ, Oh JY, Hwang HS, Lee SH, Yun JW (2008) Chitosan oligosaccharides inhibit adipogenesis in 3T3-L1 adipocytes. J Microbiol Biotechnol 18:80–87
CAS 
    PubMed 
    
                    Google Scholar 
                

	Mosmann T (1983) Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays. J Immunol Methods 65:55–63
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hong YL, Yeh SL, Chang CY, Hu ML (2000) Total plasma malondialdehyde levels in 16 Taiwanese college students determined by various thiobarbituric acid tests and an improved high-performance liquid chromatography-based method. Clin Biochem 33:619–625
CAS 
    PubMed 
    
                    Google Scholar 
                

	Kliewer KL, Ke JY, Tian M, Cole RM, Andridge RR, Belury MA (2015) Adipose tissue lipolysis and energy metabolism in early cancer cachexia in mice. Cancer Biol Ther 16:886–897
CAS 
    PubMed 
    
                    Google Scholar 
                

	Folch J, Lees M, Sloane Staniey GH (1957) A simple method for the isolation and purification of total lipides from animal tissues. J Biol Chem 226:497–509
CAS 
    PubMed 
    
                    Google Scholar 
                

	Wu TC, Yang YC, Huang PR, Wen YD, Yeh SL (2012) Genistein enhances the effect of trichostatin A on inhibition of A549 cell growth by increasing expression of TNF receptor-1. Toxicol Appl Pharmacol 262:247–254
CAS 
    PubMed 
    
                    Google Scholar 
                

	Charette N, Vandeputte C, Ameye L, Bogaert CV, Krygier J, Guiot T, Deleporte A, Delaunoit T, Geboes K, Van Laethem JL, Peeters M, Demolin G, Holbrechts S, Flamen P, Paesmans M, Hendlisz A (2019) Prognostic value of adipose tissue and muscle mass in advanced colorectal cancer: a post hoc analysis of two non-randomized phase II trials. BMC Cancer 19:134
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Di Sebastiano KM, Yang L, Zbuk K, Wong RK, Chow T, Koff D, Moran GR, Mourtzakis M (2013) Accelerated muscle and adipose tissue loss may predict survival in pancreatic cancer patients: the relationship with diabetes and anaemia. Br J Nutr 109:302–312
PubMed 
    
                    Google Scholar 
                

	Dalal S (2019) Lipid metabolism in cancer cachexia. Ann Palliat Med 8:13–23
PubMed 
    
                    Google Scholar 
                

	Gillham CM, Reynolds J, Hollywood D (2007) Predicting the response of localised oesophageal cancer to neo-adjuvant chemoradiation. World J Surg Oncol 5:97
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Stelzer G, Rosen R, Plaschkes I, Zimmerman S, Twik M, Fishilevich S, Iny Stein T, Nudel R, Lieder I, Mazor Y, Kaplan S, Dahary D, Warshawsky D, Guan-Golan Y, Kohn A, Rappaport N, Safran M, Lancet D (2016) The GeneCards suite: from gene data mining to disease genome sequence analysis. Curr Protoc Bioinfor 54:1–30

                    Google Scholar 
                

	Steinberg GR, Kemp BE (2009) AMPK in health and disease. Physiol Rev 89:1025–1078
CAS 
    PubMed 
    
                    Google Scholar 
                

	Furuhashi M, Saitoh S, Shimamoto K, Miura T (2015) Fatty acid-binding protein 4 (FABP4): pathophysiological insights and potent clinical biomarker of metabolic and cardiovascular diseases. Clin Med Insights Cardiol 8:23–33
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ting Y, Chang WT, Shiau DK, Chou PH, Wu MF, Hsu CL (2018) Antiobesity efficacy of quercetin-rich supplement on diet-induced obese rats: effects on body composition, serum lipid profile, and gene expression. J Agric Food Chem 66:70–80
CAS 
    PubMed 
    
                    Google Scholar 
                

	Dugbartey GJ, Peppone LJ, de Graaf IA (2016) An integrative view of cisplatin-induced renal and cardiac toxicities: molecular mechanisms, current treatment challenges and potential protective measures. Toxicology 371:58–66
CAS 
    PubMed 
    
                    Google Scholar 
                

	Moreira-Pais A, Ferreira R, Gil da Costa R (2018) Platinum-induced muscle wasting in cancer chemotherapy: mechanisms and potential targets for therapeutic intervention. Life Sci 208:1–9
CAS 
    PubMed 
    
                    Google Scholar 
                

	Cawthorn WP, Heyd F, Hegyi K, Sethi JK (2007) Tumour necrosis factor-alpha inhibits adipogenesis via a beta-catenin/TCF4 (TCF7L2)-dependent pathway. Cell Death Differ 14:1361–1373
CAS 
    PubMed 
    
                    Google Scholar 
                

	Yang X, Zhang X, Heckmann BL, Lu X, Liu J (2011) Relative contribution of adipose triglyceride lipase and hormone-sensitive lipase to tumor necrosis factor-α (TNF-α)-induced lipolysis in adipocytes. J Biol Chem 286:40477–40485
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Han J, Meng Q, Shen L, Wu G (2018) Interleukin-6 induces fat loss in cancer cachexia by promoting white adipose tissue lipolysis and browning. Lipids Health Dis 17:14
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wu TC, Huang SY, Chan ST, Liao JW, Yeh SL (2015) Combination of β-carotene and quercetin against benzo[a]pyrene-induced pro-inflammatory reaction accompanied by the regulation of antioxidant enzyme activity and NF-κB translocation in Mongolian gerbils. Eur J Nutr 54:397–406
CAS 
    PubMed 
    
                    Google Scholar 
                

	Li Y, Yao J, Han C, Yang J, Chaudhry MT, Wang S, Liu H, Yin Y (2016) Quercetin, inflammation and immunity. Nutrients 8:167
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chekalina N, Burmak Y, Petrov Y, Borisova Z, Manusha Y, Kazakov Y, Kaidashev I (2018) Quercetin reduces the transcriptional activity of NF-κB in stable coronary artery disease. Indian Heart J 70:593–597
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yakabi K, Sadakane C, Noguchi M, Ohno S, Ro S, Chinen K, Aoyama T, Sakurada T, Takabayashi H, Hattori T (2010) Reduced ghrelin secretion in the hypothalamus of rats due to cisplatin-induced anorexia. Endocrinology 151:3773–3782
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hattori T, Yakabi K, Takeda H (2013) Cisplatin-induced anorexia and ghrelin. Vitam Horm 92:301–317
CAS 
    PubMed 
    
                    Google Scholar 
                

	de Boer VCJ, Dihal AA, Van Der Woude H, Arts ICW, Wolffram S, Alink GM, Rietjens IMCM, Keijer J, Hollman PCH (2005) Tissue distribution of quercetin in rats and pigs. J Nutr 135:1718–1725
PubMed 
    
                    Google Scholar 
                

	Chan S-T, Lin Y-C, Chuang C-H, Rong-Jen Shiau R-J, Jiunn-Wang Liao J-W, Yeh S-L (2014) Oral and intraperitoneal administration of quercetin decreased lymphocyte DNA damage and plasma lipid peroxidation induced by TSA in vivo. Biomed Res Int 2014:580626
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Nair AB, Jacob S (2016) A simple practice guide for dose conversion between animals and human. J Basic Clin Pharm 7:27–31
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Heinz SA, Henson DA, Austin MD, Jin F, Nieman DC (2010) Quercetin supplementation and upper respiratory tract infection: a randomized community clinical trial. Pharmacol Res 62:237–242
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Di Lorenzo G, Pagliuca M, Perillo T, Zarrella A, Verde A, De Placido S, Buonerba C (2016) Complete response and fatigue improvement with the combined use of cyclophosphamide and quercetin in a patient with metastatic bladder cancer: a case report. Med (Baltimore) 95:e2598

                    Google Scholar 
                

	Lu NT, Crespi CM, Liu NM, Vu JQ, Ahmadieh Y, Wu S, Lin S, McClune A, Durazo F, Saab S, Han S, Neiman DC, Beaven S, French SW (2016) A phase I dose escalation study demonstrates quercetin safety and explores potential for bioflavonoid antivirals in patients with chronic hepatitis C. Phytother Res 30:160–168
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hsu H-S, Lin J-H, Huang W-C, Hsu T-W, Su K, Shih-Hwa Chiou S-H, Yo-Ting Tsai Y-T, Hunget S-C (2011) Chemoresistance of lung cancer stemlike cells depends on activation of Hsp27. Cancer 117:1516–1528
CAS 
    PubMed 
    
                    Google Scholar 
                

	Moon YJ, Wang L, DiCenzo R, Morris ME (2008) Quercetin pharmacokinetics in humans. Biopharm Drug Dispos 29:205–217
CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgements
This research was supported by grants (MOST104-2320-B-040-010-MY3 and MOST-105-2632-B-040-003) from the Ministry of Science and Technology, Taiwan. ELISA analysis was performed using a microplate reader at the Instrument Center at Chung Shan Medical University, which is supported by the Ministry of Science and Technology, Ministry of Education and Chung Shan Medical University.


Author information
Authors and Affiliations
	Department of Nutritional Science, Chung Shan Medical University, No. 110 Sec 1 Jianguo N. Rd, Taichung, Taiwan, ROC
Yi-Chin Lin, Li-wen Chen, Yun-Chu Chen, Shu-Ting Chan & Shu-Lan Yeh

	Graduate Institute of Veterinary Pathology, College of Veterinary Medicine, National Chung Hsing University, Taichung, Taiwan
Jiunn-Wang Liao

	Department of Nutrition, Chung Shan Medical University Hospital, Taichung, Taiwan
Shu-Lan Yeh


Authors	Yi-Chin LinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Li-wen ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yun-Chu ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shu-Ting ChanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jiunn-Wang LiaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shu-Lan YehView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Shu-Lan Yeh.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that there are no conflicts of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Lin, YC., Chen, Lw., Chen, YC. et al. Quercetin attenuates cisplatin-induced fat loss.
                    Eur J Nutr 60, 1781–1793 (2021). https://doi.org/10.1007/s00394-020-02371-5
Download citation
	Received: 13 May 2020

	Accepted: 19 August 2020

	Published: 28 August 2020

	Issue Date: June 2021

	DOI: https://doi.org/10.1007/s00394-020-02371-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Cisplatin
	Quercetin
	Fat loss
	Fat metabolism








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.82.145.95
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    