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Abstract

Rimonabant was developed as a therapeutic option for obesity and diabetes. However, it was retired after clinical reports of secondary 
effects. Previously we evaluated the effects of a novel synthetic analogue denominated BAR-1 in gene expression and insulin secretion from 
isolated rat islets. In our recent study we investigated effects of BAR-1 administration on mice models of prediabetes and diabetes, with specific 
interest in pancreatic islets. CD-1 mice fed with hypercaloric diet or diabetes-induced with streptozoticin and were treated with 10 mg BAR-
1 or vehicle for 4 and 8 weeks. Body weight and mass, oral glucose tolerance test, triglycerides, HbA1c, and insulin in serum were measured, 
whole fixed pancreas were analysed by histology, and gene expression, insulin and glucagon secretion, were evaluated in isolated islets.  BAR-1 
controlled weight gain for the first 4 weeks in prediabetic mice. HOMA index presented a significant decrease in treated mice, and reduction in 
the area under the curve of the oral glucose test. In isolated islets glucose-stimulated insulin secretion was increased, gene expression in islets 
was modified after 4 weeks of BAR-1 administration. In diabetic mice, BAR-1 presented a partial recovery of islet integrity, with positive insulin 
and glucagon expression. In silico modelling suggest a direct interaction with CB1 receptor. In conclusion, BAR-1 treatment provides a short 
improvement in prediabetic and diabetic animal models, modulating pancreatic islets physiology, and probably, metabolic adaptations in other 
organs.
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Introduction

The endocannabinoid receptors and their regulatory functions 
in many organs, including pancreatic islets, have been studied in 
the context of diabetes since 2006 [1-5]. Many evidences expose a 
close relationship between CB1 receptor (CB1r) with islet features 
such as glucose-regulated insulin and glucagon secretions, cell 
structure, gene expression, and suggest an active role in the 
development of diabetes under over-activation. Rimonabant 
was a synthetic CB1r antagonist tested as obesity and type 2 
diabetes treatments, with beneficial effects in different organs, 
[6-11] but also negative side-effects, including depression [12]. 
After these, new analogue options have been studied in diabetic 
animal models and isolated islets [13-15]. Briefly in a previous 
report we introduced BAR-1, a novel rimonabant-related analog 
with different CB1r affinity [15]. In isolated pancreatic islets from 
rat BAR-1 exposure modified gene expression, glucose-stimulated 
insulin secretion and content. Our next step, recently reported,  

 
we evaluated the therapeutic effects of BAR-1 in prediabetic and 
diabetic mice [16].

Discussion

BAR-1 treatment at 10 mg/kg dose slowed down weight gain 
in prediabetic mice, induced by hypercaloric diet, with a small 
difference in size and body mass index. In the same group, glucose-
stimulated insulin secretion was increased in isolated islets, 
without effects in glucose oral test either blood triglycerides. In 
diabetic-induced mice, BAR-1 administration reduced the area 
under the curve of oral-glucose tolerance. We assume that CB1r 
activity is modified within the first month, but overturn by the 
metabolic alterations in the next weeks. BAR-1 treatment could 
induce a long-term adaptation of the endocannabinoid system, 
involved in islet dysfunction. Beside, considering the presence 
and activity of the endocannabinoid system in nervous system, 
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adipose tissue and liver, it is possible a complex interaction of 
BAR-1 with the pancreatic islets function. An interesting effect 
of BAR-1 was the partial recovery of islet area and morphology 
observed in pancreas from STZ-induced diabetic animals. Islets 
presented cells with insulin immunoreactivity, and increased 
glucagon presence. These results support the relevant role of 
CB1r activity in preservation of islet integrity, previously reported 
[17,18]. Consistent with our previous data, glucose-stimulated 
insulin secretion and insulin expression are enhanced by BAR-
1 treatment in islets from prediabetic mice, but these effects 
decreased after 8 weeks. Glucagon secretion was not modified, but 
preproglucagon mRNA was reduced in mice under hypercaloric 
diet. In isolated islets treated with BAR-1 changes in CB1 and CB2 
receptors expression were observed. In prediabetic and diabetic 
mice with BAR-1 administration increased CB1r expression, but 
not CB2r. Finally we performed the binding interactions of BAR-
1 with CB1r, showing the same pattern very similar to reference 
drugs AM6538, rimonabant and otenabant; the modification of 
an aromatic ring in BAR-1 increases its hydrophobic interactions, 
and therefore, the affinity for CB1r; however, it is possible the 
simultaneous activation of CB2 or GRP55 receptors, as either 
agonist or antagonist effects. 

Conclusion

Our novel analogue BAR-1 is suggested as an optional 
treatment for prediabetes and diabetes through modulation of 
the endocannabonoid system. In forthcoming studies, we will 
explore different doses and administration protocols, focusing on 
the possible interactions with CB1r in other organs.

References
1.	 Matias I, Gonthier MP, Orlando P, Martiadis V, De Petrocellis L, et al. 

(2006) Regulation, function, and dysregulation of endocannabinoids 
in models of adipose and beta-pancreatic cells and in obesity and 
hyperglycemia. J Clin Endocrinol Metab 91(8): 3171-3180.

2.	 Levendal RA, Schumann D, Donath M, Frost CL (2012) Cannabis 
exposure associated with weight reduction and β-cell protection in an 
obese rat model. Phytomedicine 19(7): 575-582.

3.	 Engeli S, Böhnke J, Feldpausch M, Gorzelniak K, Janke J, et al. (2005) 
Activation of the peripheral endocannabinoid system in human 
obesity. Diabetes 54(10): 2838-2843.

4.	 Li C, Bowe JE, Huang GC, Amiel SA, Jones PM, et al. (2011) Cannabinoid 
receptor agonists and antagonists stimulate insulin secretion from 
isolated human islets of Langerhans. Diabetes Obes Metab 13(10): 
903-910. 

5.	 Lu D, Dopart R, Kendall D (2006) Controlled downregulation of the 
cannabinoid CB1 receptor provides a promising approach for the 

treatment of obesity and obesity-derived type 2 diabetes. Cell Stress 
and Chaperones 21(1): 1-7.

6.	 Jbilo O, Ravinet-Trillou C, Arnone M, Buisson I, Bribes E, et al. (2005) 
The CB1 receptor antagonist rimonabant reverses the diet-induced 
obesity phenotype through the regulation of lipolysis and energy 
balance. FASEB J 19(11): 1567-1569.

7.	 Scheen AJ (2007) Cannabinoid-1 receptor antagonists in type-2 
diabetes. Best Pract Res Clin Endocrinol Metab 21(4): 535-553.

8.	 Scheen AJ, Paquot N (2009) Use of cannabinoid CB1 receptor 
antagonists for the treatment of metabolic disorders. Best Pract Res 
Clin Endocrinol Metab 23(1): 103-116.

9.	 Pi-Sunyer FX, Aronne LJ, Heshmati HM, Devin J, Rosenstock J (2006) 
RIO-North America Study Group. Effect of rimonabant, a cannabinoid-1 
receptor blocker, on weight and cardiometabolic risk factors in 
overweight or obese patients: RIO-North America: a randomized 
controlled trial. JAMA 295(7): 761-775.

10.	Getty-Kaushik L, Richard AM, Deeney JT, Krawczyk S, Shirihai O, 
et al. (2009) The CB1 antagonist rimonabant decreases insulin 
hypersecretion in rat pancreatic islets. Obesity 17(10): 1856-1860.

11.	Duvivier VF, Delafoy-Plasse L, Delion V, Lechevalier P, Le Bail JC, et al. 
(2009) Beneficial effect of a chronic treatment with rimonabant on 
pancreatic function and beta-cell morphology in Zucker Fatty rats. Eur 
J Pharmacol 616(1-3): 314-320.

12.	Johansson K, Neovius K, DeSantis SM, Rössner S, Neovius M (2009) 
Discontinuation due to adverse events in randomized trials of orlistat, 
sibutramine and Rimonabant: A meta-analysis. Obes Rev 10(5): 564-
575.

13.	Rohrbach K, Thomas MA, Glick S, Fung EN, Wang V, et al. (2012) 
Ibipinabant attenuates β-cell loss in male Zucker diabetic fatty rats 
independently of its effects on body weight. Diabetes Obes Metab 
14(6): 555-564.

14.	Jin SM, Oh BJ, Lee S, Choi JM, Yang SJ, et al. (2013) Reduced food intake 
is the major contributor to the protective effect of rimonabant on islet 
in established obesity-associated type 2 diabetes. Yonsei Med J 54(5): 
1127-1136.

15.	Vilches-Flores A, Delgado-Buenrostro NL, Navarrete-Vazquez G, 
Villalobos-Molina R (2010) CB1 receptor expression is regulated by 
glucose and feeding in rat pancreatic islets. Reg Peptides 163(1-3): 
81-87.

16.	Nava-Molina L, Uchida-Fuentes T, Ramos-Tovar H, Fregoso-Padilla M, 
Rodríguez-Monroy MA, et al. (2020) Novel CB1 receptor antagonist 
BAR-1 modifies pancreatic islet function and clinical parameters in 
prediabetic and diabetic mice. Nutr Diabetes 10(1):  7.

17.	Vilches-Flores A, Hauge-Evans AC, Jones PM, Persaud SJ (2013) Chronic 
activation of cannabinoid receptors in vitro does not compromise 
mouse islet function. Clin Sci (Lond) 124(7): 467-478.

18.	Vilches-Flores A, Franklin Z, Hauge-Evans AC, Liu B, Huang GC, et al. 
(2016) Prolonged activation of human islet cannabinoid receptors in 
vitro induces adaptation but not dysfunction. BBA Clin 5: 143-150.

http://dx.doi.org/10.19080/CRDOJ.2020.13.555853
https://www.ncbi.nlm.nih.gov/pubmed/16684820
https://www.ncbi.nlm.nih.gov/pubmed/16684820
https://www.ncbi.nlm.nih.gov/pubmed/16684820
https://www.ncbi.nlm.nih.gov/pubmed/16684820
https://www.ncbi.nlm.nih.gov/pubmed/22421529
https://www.ncbi.nlm.nih.gov/pubmed/22421529
https://www.ncbi.nlm.nih.gov/pubmed/22421529
https://www.ncbi.nlm.nih.gov/pubmed/16186383/
https://www.ncbi.nlm.nih.gov/pubmed/16186383/
https://www.ncbi.nlm.nih.gov/pubmed/16186383/
https://www.ncbi.nlm.nih.gov/pubmed/21564460
https://www.ncbi.nlm.nih.gov/pubmed/21564460
https://www.ncbi.nlm.nih.gov/pubmed/21564460
https://www.ncbi.nlm.nih.gov/pubmed/21564460
https://www.ncbi.nlm.nih.gov/pubmed/26498013
https://www.ncbi.nlm.nih.gov/pubmed/26498013
https://www.ncbi.nlm.nih.gov/pubmed/26498013
https://www.ncbi.nlm.nih.gov/pubmed/26498013
https://www.ncbi.nlm.nih.gov/pubmed/16009704
https://www.ncbi.nlm.nih.gov/pubmed/16009704
https://www.ncbi.nlm.nih.gov/pubmed/16009704
https://www.ncbi.nlm.nih.gov/pubmed/16009704
https://www.ncbi.nlm.nih.gov/pubmed/18054734
https://www.ncbi.nlm.nih.gov/pubmed/18054734
https://www.ncbi.nlm.nih.gov/pubmed/19285264
https://www.ncbi.nlm.nih.gov/pubmed/19285264
https://www.ncbi.nlm.nih.gov/pubmed/19285264
https://www.ncbi.nlm.nih.gov/pubmed/16478899
https://www.ncbi.nlm.nih.gov/pubmed/16478899
https://www.ncbi.nlm.nih.gov/pubmed/16478899
https://www.ncbi.nlm.nih.gov/pubmed/16478899
https://www.ncbi.nlm.nih.gov/pubmed/16478899
https://www.ncbi.nlm.nih.gov/pubmed/19644453/
https://www.ncbi.nlm.nih.gov/pubmed/19644453/
https://www.ncbi.nlm.nih.gov/pubmed/19644453/
https://www.ncbi.nlm.nih.gov/pubmed/19482020
https://www.ncbi.nlm.nih.gov/pubmed/19482020
https://www.ncbi.nlm.nih.gov/pubmed/19482020
https://www.ncbi.nlm.nih.gov/pubmed/19482020
https://www.ncbi.nlm.nih.gov/pubmed/19460116
https://www.ncbi.nlm.nih.gov/pubmed/19460116
https://www.ncbi.nlm.nih.gov/pubmed/19460116
https://www.ncbi.nlm.nih.gov/pubmed/19460116
https://www.ncbi.nlm.nih.gov/pubmed/22268426
https://www.ncbi.nlm.nih.gov/pubmed/22268426
https://www.ncbi.nlm.nih.gov/pubmed/22268426
https://www.ncbi.nlm.nih.gov/pubmed/22268426
https://www.ncbi.nlm.nih.gov/pubmed/23918561
https://www.ncbi.nlm.nih.gov/pubmed/23918561
https://www.ncbi.nlm.nih.gov/pubmed/23918561
https://www.ncbi.nlm.nih.gov/pubmed/23918561
https://www.ncbi.nlm.nih.gov/pubmed/20451564
https://www.ncbi.nlm.nih.gov/pubmed/20451564
https://www.ncbi.nlm.nih.gov/pubmed/20451564
https://www.ncbi.nlm.nih.gov/pubmed/20451564
https://www.nature.com/articles/s41387-020-0110-0
https://www.nature.com/articles/s41387-020-0110-0
https://www.nature.com/articles/s41387-020-0110-0
https://www.nature.com/articles/s41387-020-0110-0
https://www.ncbi.nlm.nih.gov/pubmed/23078523
https://www.ncbi.nlm.nih.gov/pubmed/23078523
https://www.ncbi.nlm.nih.gov/pubmed/23078523
https://www.ncbi.nlm.nih.gov/pubmed/27114924/
https://www.ncbi.nlm.nih.gov/pubmed/27114924/
https://www.ncbi.nlm.nih.gov/pubmed/27114924/


How to cite this article: Alonso V-F. Pharmacological Modulation of Endocannabinoid System in Pancreatic Islets, a Different Strategy for 
Prediabetes and Diabetes Treatment. Curre Res Diabetes & Obes J. 2020; 13(1): 555853. DOI: 10.19080/CRDOJ.2020.13.555853.008

Current Research in Diabetes & Obesity Journal

Your next submission with Juniper Publishers    
    will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                   Track the below URL for one-step submission 
       https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/CRDOJ.2020.13.555853

http://dx.doi.org/10.19080/CRDOJ.2020.13.555853
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/CRDOJ.2020.13.555853

