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Abstract

          
Fragrance in the air and odours of foods and drinks are reported to affect feeding behaviours of humans and other animals. Many previous studies focusing on the relationship between fragrance and appetite have described a reduction of food intake by fragrance administration to help prevent lifestyle diseases. Aromatic herbal medicines, such as cinnamon bark and fennel fruit, are considered to have appetite-enhancing effects and they are often blended in stomachics for relief of asitia and gastric distress in Japan. These fragrant herbal medicines contain many essential oils and their fragrances are hypothesised to be active substances. In this study, food intake and the expression of neuropeptide Y and proopiomelanocortin in the hypothalamus after inhalation of fragrant compounds or essential oils were investigated in mice. Food intake was increased 1.2-fold and the neuropeptide Y mRNA expression in the hypothalamus was increased significantly in mice that inhaled trans-cinnamaldehyde, benzylacetone or 1-phenyl-2-butanone, compared with the control group. These compounds might be effective for treating loss of appetite (anorexia) or eating disorders in elderly and infirm people via a non-invasive route of administration, namely, inhalation.

        

      


        

Key words

        
          
trans-cinnamaldehyde - 
        benzylacetone - 
        1-phenyl-2-butanone - 
        appetite enhancement - 
        inhalation - 
        neuropeptide Y
      



      

Supporting Information

      
	
Supporting Information



    







 




	
References


	
1 Choi SJ, Ye SB, Na HG, Kim GO, Bae CH, Song SY, Kim YW, Park SY, Kim YD. Effect of geranium essential oil on food intake via olfactory stimulus. Korean J Otorhinolaryngol-Head Neck Surg 2011; 54: 766-770 





PubMedGoogle Scholar





	
2 Hamao M, Matsuda H, Nakamura S, Nakashima S, Semura S, Maekubo S, Wakasugi S, Yoshikawa M. Anti-obesity effects of the methanolic extract and chakasaponins from the flower buds of Camellia sinensis in mice. Bioorg Med Chem 2011; 19: 6033-6041 





CrossrefPubMedGoogle Scholar





	
3 Yamamoto T, Inui T, Tsuji T. The odor of Osmanthus fragrans attenuates food intake. Sci Rep 2013; 3: 1518 





PubMedGoogle Scholar





	
4 Kuzuya M. Nutritional assessment and nutritional management for the elderly. Nihon Ronen Igakkai Zasshi 2003; 40: 199-203 





CrossrefPubMedGoogle Scholar





	
5 Kariyone T. Saishin Shouyakugaku, 6th edition. Tokyo, Japan: Hirokawa Publishing; 1988: 433-434 





Google Scholar





	
6 Dong Y, Lu N, Cole RB. Analysis of the volatile organic compounds in Cinnamomum cassia bark by direct sample introduction thermal desorption gas chromatography-mass spectrometry. J Essent Oil Res 2013; 25: 458-463 





CrossrefPubMedGoogle Scholar





	
7 Ishihara M, Tsuneya T. Components of the agarwood smoke on heating. J Essent Oil Res 1993; 5: 419-423 





CrossrefPubMedGoogle Scholar





	
8 Miyoshi T, Ito M, Kitayama T, Isomori S, Yamashita F. Sedative effects of inhaled benzylacetone and structural features contributing to its activity. Biol Pharm Bull 2013; 36: 1474-1481 





CrossrefPubMedGoogle Scholar





	
9 Kajiya K, Inaki K, Tanaka M, Haga T, Kataoka H, Touhara K. Molecular bases of odor discrimination: reconstitution of olfactory receptors that recognize overlapping sets of odorants. J Neurosci 2001; 21: 6018-6025 





PubMedGoogle Scholar





	
10 Tasaka T, Aoshima H. Effect of monoterpene alcohols on the expression of GABAA receptor subunits in the brain of mice. Aroma Res 2010; 11: 345-351 





PubMedGoogle Scholar





	
11 Ito K, Ito M. The sedative effect of inhaled terpinolene in mice and its structure–activity relationships. J Nat Med 2013; 67: 833-837 





CrossrefPubMedGoogle Scholar





	
12 Ogawa K, Miyoshi T, Kitayama T, Ito M. Locomotor-reducing effects and structural characteristics of inhaled zerumbone and tetrahydrozerumbone derivatives. Biol Pharm Bull 2014; 37: 1559-1563 





CrossrefPubMedGoogle Scholar





	
13 Schwartz MW, Woods SC, Porte Jr D, Seeley RJ, Baskin DG. Central nervous system control of food intake. Nature 2000; 404: 661-671 





CrossrefPubMedGoogle Scholar





	
14 Rahminiwati M, Nishimura M. Effects of Δ9-tetrahydrocannabinol and diazepam on feeding behavior in mice. J Vet Med Sci 1999; 61: 351-355 





CrossrefPubMedGoogle Scholar





	
15 Jamshidi N, Taylor DA. Anandamide administration into the ventromedial hypothalamus stimulates appetite in rats. Br J Pharmacol 2001; 134: 1151-1154 





CrossrefPubMedGoogle Scholar





	
16 Majeed NH, Przewłocka B, Wedzony K, Przewłocki R. Stimulation of food intake following opioid microinjection into the nucleus accumbens septi in rats. Peptides 1986; 7: 711-716 





CrossrefPubMedGoogle Scholar





	
17 Akamizu T, Iwakura H, Ariyasu H, Hosoda H, Murayama T, Yokode M, Teramukai S, Seno H, Chiba T, Noma S, Nakai Y, Fukunaga M, Nakai Y, Kanagawa K. FD Clinical Study Team. Repeated administration of ghrelin to patients with functional dyspepsia: its effects on food intake and appetite. Eur J Endocrinol 2008; 158: 491-498 





CrossrefPubMedGoogle Scholar





	
18 Fujiwara M. Characteristics of abnormal behavior induced by Δ9-tetrahydrocannabinol in rats. Folia Pharmacologica Japonica 2001; 117: 35-41 





CrossrefPubMedGoogle Scholar





	
19 Habara K. Drug abuse prevention strategy and national crisis management policy. Journal of Policy Studies 2008; 1: 95-111 





PubMedGoogle Scholar





	
20 Nestler EJ. Historical review: Molecular and cellular mechanisms of opiate and cocaine addiction. Trends Pharmacol Sci 2004; 25: 210-218 





CrossrefPubMedGoogle Scholar





	
21 Rickels K, Case WG, Downing RW, Winokur A. Long-term diazepam therapy and clinical outcome. JAMA 1983; 250: 767-771 





CrossrefPubMedGoogle Scholar





	
22 Delhanty PJD, Huisman M, Julien M, Mouchain K, Brune P, Themmen APN, Abribat T, van der Lely AJ. The acylated (AG) to unacylated (UAG) ghrelin ratio in esterase inhibitor-treated blood is higher than previously described. Clin Endocrinol (Oxf) 2014; 82: 142-146 





PubMedGoogle Scholar





	
23 Takeda H, Sadakane C, Hattori T, Katsurada T, Ohkawara T, Nagai K, Asaka M. Rikkunshito, an herbal medicine, suppresses cisplatin-induced anorexia in rats via 5-HT2 receptor antagonism. Gastroenterology 2008; 134: 2004-2013 





CrossrefPubMedGoogle Scholar





	
24 Shintani M, Ogawa Y, Ebihara K, Aizawa-Abe M, Miyanaga F, Takaya K, Hayashi T, Inoue G, Hosoda K, Kojima M, Kangawa K, Nakao K. Ghrelin, an endogenous growth hormone secretagogue, is a novel orexigenic peptide that antagonizes leptin action through the activation of hypothalamic neuropeptide Y/Y1 receptor pathway. Diabetes 2001; 50: 227-232 





CrossrefPubMedGoogle Scholar





	
25 Hur MH, Kim C, Kim CH, Ahn HC, Ahn HY. The effects of inhalation of essential oils on the body weight, food efficiency rate and serum leptin of growing SD rats. J Korean Acad Nurs 2006; 36: 236-243 





PubMedGoogle Scholar





	
26 Urabe A, Shimada K, Kawai S. Todayʼs drug therapy in 2015, Nankodo. Tokyo: Nankod; 2015: 712 





Google Scholar





	
27 Furudono Y, Sone Y, Takizawa K, Hirono J, Sato T. Relationship between peripheral receptor code and perceived odor quality. Chem Senses 2009; 34: 151-158 





PubMedGoogle Scholar





	
28 Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Ueno N, Makino S, Fujimiya M, Niijima A, Fujino MA, Kasuga M. Ghrelin is an appetite-stimulatory signal from stomach with structural resemblance to motilin. Gastroenterology 2001; 120: 337-345 





CrossrefPubMedGoogle Scholar





	
29 Shimizu H, Oh-I S, Hashimoto K, Nakata M, Yamamoto S, Yoshida N, Eguchi H, Kato I, Inoue K, Satoh T, Okada S, Yamada M, Yada T, Mori M. Peripheral administration of nesfatin-1 reduces food intake in mice: the leptin-independent mechanism. Endocrinology 2009; 150: 662-671 





CrossrefPubMedGoogle Scholar





	
30 Schlesinger J, Tönjes M, Schueler M, Zhang Q, Dunkel I, Sperling SR. Evaluation of the LightCycler® 1536 Instrument for high-throughput quantitative real-time PCR. Methods 2010; 50: 19-22 





CrossrefPubMedGoogle Scholar





	
31 Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 2001; 25: 402-408 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.89.133.46
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  