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Glucagon Action
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Accounts for 75% of HGP through 
Glycogenolysis & Gluconeogensis
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Pathophysiology of T2DM

Diabetes 2009;58:726.



Glucagon Metabolism and 
Pathophysiology in Diabetes

• Glucagon plays an essential role in glycemic control.

• Excessive glucagon secretion contributes to 

Hyperglycemia in T2DM.

• Lowering glucagon levels will be a valuable therapeutic 

target in the treatment of T2DM.
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with Glucagon effects



Repair of Glucagon dynamics

Diabetes, Obesity and Metabolism 2011;13(Suppl. 1):133–143.



Regulation of alpha cells

Diabetoloia 2005;48:1700-1713.



Reduction of Gcgr Signaling

The increased glucagon/insulin ratio is a key factor in

the pathogenesis of hyperglycemia in T2DM; 

1. Inappropriate levels of glucagon in the fasting state leads                                   

to increased HGP & fasting hyperglycemia.

2. The lack of glucagon suppression in the post-prandial state 

leads to post-prandial hyperglycemia

Consequently, addressing glucagon seemed an 

attractive treatment for T2DM by either suppression of 

Glucagon secretion or by blocking Gcgr.



Suppression of Glucagon

J Clin Endocrinol Metab. 2000;85:4053–4059.



Glucagon antagonists (2011)

Diabetes, Obesity and Metabolism 2011;13: 965–971.



Glucagon antagonists 
(2015)

Nat Rev Endocrinol 2015;11:329–338.



LY2409021 in T2DM: efficacy

Diabetes Obes Metab. 2017 Mar 31. [Epub ahead of print]



LY2409021 in T2DM: 
adverse events

Diabetes Obes Metab. 2017 Mar 31. [Epub ahead of print]

Increase 
in body weight 
and total cholesterol.

All effects were reversible. 



Ranolazine

Diabetes Care. 2015 Jul;38(7):1189-96. 

-0.56%



Ranolazine on SU or Metf

Diabetes Obes Metab. 2016 May;18(5):463-74.

-0.51%



Ranolazine on SU or Metf

Diabetes Obes Metab. 2016 May;18(5):463-74.



Glucagon modulating therapies

Endocr Pract 2016;22(5):617.



Potential adverse effects

• Germline disruption of Gcgr in mice leads to 

hyperglucagonaemia, which largely arises from hyperplastic α 

cells with dysregulated synthesis and secretion of 

proglucagon-derived peptides (including glucagon).

• An increase in total pancreatic mass has been observed in 

rodents with interrupted GCGR signalling.

• Disruption of GCGR signalling in mice resulted in impaired 

hepatic lipid oxidation, which predisposed these animals to 

hepatic steatosis and liver injury.

• Mechanism-based adverse events, such as cardiovascular 

effects, are mediated by glucagon receptor signalling and 

should be considered when developing therapeutic strategies 

directed at enhancing or attenuating glucagon action.

Nat Rev Endocrinol 2015;11:329–338.



Proglucagon-derived peptides

Nat Rev Endocrinol 2015;11:329–338.



Summary (Gcg modulators)

• The inhibition of glucagon receptor signaling represents a 

possible option for the treatment of diabetes.

• Monoclonal glucagon antibodies, Glucagon receptor 

antagonists, and molecules targeting the expression of Gcgr have 

all been tested as potential treatments for T2DM. 

• However, research on those agents encountered a number 

of major obstacles, most notably a limited efficacy, the risk of 

iatrogenic hypoglycemia, and other safety issues related 

to lack of specificity of glucagon blockade, immunogenity

and liver toxicity.

• Further investigation into the safety of these agents is 

required.
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Therapy with Glucagon effects

Endocr Pract 2016;22(5):612-621.



Pathophysiology based Tx

Endocrine Practice 2017. 10.4158/EP161725.RA



GLP-1 RA Treatment

• Short-acting GLP-1 RA (exenatide and lixisenatide)

lower mainly post-prandial glucose, partly by inhibiting

gastric empting: conversely Long-acting molecules of

the class (albiglutide, dulaglutide, exenatide LAR, liraglutide) 

target predominantly fasting plasma glucose

through their Insulinotropic and Glucagonostatic actions.

• GLP-1RA: the α-cell do not show GLP-1 receptors

: Insulin synthesis and secretion in a glucose-dependent 

manner and glucagon levels, this latter effect could be exerted 

through somatostatin or neural regulation.

Cardiovasc Diabetol 2016;15:!23.



Paradoxical increase in 
postchallenge glucagonemia

J Clin Endocrinol Metab. 2015;100:3702–9.

The real effects of GLP-1RA on glucagon probably 

remains to be further elucidated



DPP4i addresses Key defects

Diabetes Obes Metab 2011;13:775–830.
Expert Opin Invest Drugs 2003;12:87. 

Curr Diab Rep 2003;3:365.



DPP4i reduces Gcg and HGP

. J Clin Endocrinol Metab 2007;92:1249.



Vildagliptin regulates Glucagon

J Clin Endocrinol Metab 2009;94:1236..



Vildagliptin increases Incretins

Diabetes Obes Metab 2014 Sep;16(9):812-8. 



Target for T2DM therapy

Diabetes Obesity Metab 2011;13:775–83.



Vildagliptin regulates Glucagon

J Clin Endocrinol Metab. 2009;94:1236.



GIP improves sensitivity to 
Alpha & Beta cells to glucose

Diabetes 2011;60:3103–9



Glucagon is Important (T1DM)

Diabetes 2011;60(2):391–397.



Vildagliptin on Glucagon

Diabetes 2011;60:3103-3109.
Diabetes Obes Metab 2011;13:775-783.



Vildagliptin regulates Glucagon 
(T1DM)

J Clin Endocrinol Metab. 2012;97(10).



Glucose Counter-regulation



Impaired Glucagon 
counter-regulation in T2DM

J Clin Invest 1984;73:1532.



Hypoglycemia unawareness

Nutrition, Metabolism & Cardiovascular Diseases 2006;16:S28eS34.



The consequences of 
Hypoglycemia

JAMA. 2009; 301: 1565–1572; Br Med J. 2010; 340: b4909; 
Curr Med Res Opin. 2010; 26: 1333–1342; Value Health. 2006; 9: 193–198;

Vasc Health Risk Manag. 2010; 6: 541–548; Can J Diabetes. 2003; 27: 128–140; Diabetes Obes Metab. 2010; 12: 431–436.



Severe Hypoglycemia and CVD

Int J Clin Pract 2005;59:1345–55.
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Vildagliptin augments counter-regulation 

J Clin Endocrinol Metab 2009;94:1236.



Glucagon Dynamics with DPP4i
in Insulin-treated T2DM patients

Diabetes Obes Metab. 2014.



Mode of action of Incretins 
according to Glycemic state

Vasc Health Risk Manag. 2013;9:681–694. 



Amylin reduces 
glucagon concentrations

The Veterinary Journal 184 (2010) 236–240.



Somatostatin and Glucagon

Am J Physiol Endocrinol Metab 2015;308:E130–E143.



DPP4i and SGLT2i: 
Different Mechanisms

POSTGRADUATE MEDICINE 2017;129(4):409–420.



Dapagliflozin triggers 
Glucagon secretion

Nature Medicine 2015;21(5):512.



Dapagliflozin stimulates 
Glucagon secretion at high glucose

Scientific Reports 2016;6:31214.



Glucagon and CV outcome trial

• Hospitalization for HF in T2DM 

- Unfavorable with Saxagliptin in SAVOR-TIMI 53 

- Favorable with Empagliflozin in EMPA-REG 

Liraglutide in LEADER 

might be explained, by their impact on glucagon levels:

DPP-4i reduce, but Liraglutide & SGLT-2i increase Glucagon. 

However, a possible involvement of glucagon in the 

results on the mortality of EMPA-REG & LEADER trials 

cannot be either claimed or excluded.

Cardiovasc Diabetol 2016;15:123.



Glucagon Action

Nat Rev Endocrinol 2015;11:329–338.



SGLT2i and Glucagon control

DKA



Summary (Diabetes therapy)

• Antagonizing glucagon action as a therapy for diabetes may 

improve glucose and insulin levels but in addition may have 

several unintended consequences.

• The physiological processes regulated by glucagon and its 

receptor are much broader than expected.

• Glucagon might be very important for the heart and 

cardiovascular system in T2DM.

• Glucagon modulator and GLP-1 combination has a 

significant greater efficacy than GLP-1 RA monotherapy on 

body weight, body composition, glucose and lipid metabolism, 

including the reversal of hepatic steatosis, making this 

combination therapy an attractive and promising treatment for 

obesity and MetS.



Conclusions

• Therapeutic strategies to safely achieve euglycemia in 

patients with DM now encompass bi-hormonal 

approaches to simultaneously deliver insulin and glucagon 

(in patients with T1DM) or reduce excess glucagon action 

(in patients with T1DM or T2DM). 

• Recent efforts resurrected glucagon as a key hormone in 

the pathophysiology of DM. New studies target abnormal 

glucagon regulation and action that is keys for improving 

DM treatment. 

• Manipulation of the glucagon axis is a promising addition to 

traditional diabetes insulin therapy.

• The progress is promising, but pleiotropic actions of glucagon 

should also be considered.
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