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Introduction

 Glucose is the only nutrient that normally can  
be used by the brain, retina, and germinal  
epithelium of the gonads in sufficient  
quantities to supply them with their required  
energy.

 Therefore, it is important to maintain the  
blood glucose concentration at a level  
sufficient to provide this necessary nutrition.

 Throughout the day the human body passes  
into two distinct phases directly related to  
the ingestion of a meal, namely the fed state  
and the fasted phase (i.e. interdigestive  
period).



introduction (cont.)

1. The fed state reflects overall anabolic metabolism.  
Following a meal, in response to the increase in  
pancreatic insulin release, glucose uptake is increased in  
muscle, fat, and the hepatosplanchnic bed; hepatic  
glucose output is suppressed; and glycogen synthesis is  
increased. In other words, energy is stored in the form  
of energy-rich compounds (adenosine triphosphate  
[ATP], phosphocreatinine), glycogen, fat, and proteins.

2. The fasted or catabolic phase is the period during  
which endogenous energy sources are utilized. Most of  
the glucose formed by gluconeogenesis during this  
phase is used for metabolism in the brain. Indeed, it is  
important that the pancreas not secrete insulin during  
this time; otherwise, the scant supplies of glucose that  
are available would all go into the muscles and other  
peripheral tissues, leaving the brain without a nutritive  
source.



 The anabolic and catabolic phases alternate to  
preserve adequate glucose supply to the brain  
as well as sufficient energy to maintain body  
functions and basal metabolic rate.

 The total amount of energy produced per unit of  
time by a given individual is referred to as the  
metabolic rate. The basal metabolic rate (BMR)  
is the amount of energy expended by an awake,  
resting individual, measured 12-14 hours  
following the last meal.

 The 2 hormones at the core of maintaining this  
balance are insulin and glucagon; in particular,  
their ratio plays a critical role in the dynamic  
regulation of substrate metabolism.





Introduction (cont.)

 The autonomic nervous system interacts with the  
endocrine system in the modulation of glucose and  
fat metabolism. The autonomic nervous system  
exerts its effects both directly and indirectly.

 Activation of the sympathetic nervous system  
through norepinephrine release directly stimulates 
skeletal muscle glycogenolysis and hepatic glucose  
output.

 The indirect effects of the autonomic nervous  
system are exemplified by sympathetic activation of  
the adrenal medulla, stimulating the release of  
epinephrine. Epinephrine stimulates the pancreatic  
release of glucagon and suppresses the release of  
insulin, resulting in an increase in the glucagon to  
insulin ratio and an overall increase in hepatic  
glucose production.



Glucose
 During fasting, hepatic glucose production is increased and peripheral  

glucose utilization is inhibited. Initially, hepatic glucose output is derived from  
breakdown of hepatic glycogen stores (a maximum of 70-100 g in humans)  
through glycogenolysis.

 Following an overnight fast, glycogenolysis provides approximately 50% of  
the overall hepatic glucose output. As hepatic glycogen stores are depleted  
during a period of prolonged fasting (approximately 60 hours), the contribution  
of glycogenolysis to hepatic glucose output becomes negligible, with hepatic  
gluconeogenesis predominating.

 Glycogenolysis depends on the availability of the principal gluconeogenic  
precursors, lactate, glycerol, glutamine, and alanine. A smaller, yet significant  
amount (approximately 25%) of systemic glucose production in the  
postabsorptive state is derived from renal gluconeogenesis.

 Plasma glucose concentrations are maintained within a narrow range  
throughout the day, usually averaging between 70 and 100 mg/dl after an  
overnight fast and before meals and never exceeding 160 mg/dl after meals.  
The reason for this precise regulation can be explained by the adverse effects  
of hypoglycemia on the brain and that of hyperglycemia on the cardiovascular  
system.

 Goal values for Fasting blood sugar (12 hr. fasting):  

Less than 100 mg/dl = normal

Between 110–125 mg/dl = impaired fasting glucose (i.e., prediabetes)

Greater than 126 mg/dl on two or more samples = diabetes

Note: 1 mmol/l of glucose = 18 mg/dl
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The Pancreatic Hormones (cont.)



Insulin



Effect of Insulin on cells



Effect of Insulin on cells (cont.)



In human, there are three classes of glucose transporters (GLUT proteins): the facilitative glucose  
transporters, the sodium-glucose cotransporters, and SWEETs or sugar efflux transporters. SWEET is a  
glucose uniporter. SWEET is expressed in enterocytes, hepatocytes, and β cells. One or more GLUT proteins are  
expressed in every cell type of the human body.



Effect of Insulin on carbohydrate metabolism



Effect of Insulin on carbohydrate  
metabolism (Cont.)



Effect of insulin on fat metabolism



Effect of insulin on fat metabolism (cont.)



Effect of insulin on protein metabolism  and
growth



Control of insulin secretion



Control of insulin secretion (cont.)





Agents that Affect Insulin Secretion

Primary Stimuli Secondary Stimuli Inhibitors



Glucagon



Mechanism of secretion



Factors that Regulate Glucagon Secretion





The pancreatic Somatostatin



Functions of pancreatic somatostatin



Test Question:


