Integration of metabolism



=ri==0 Metabolic Adaptation

Blood glucose ~ 6 mM. Liver and muscle make glycogen.
Liver uses amino acids and fatty acids.
Triaclyglycerols stored in adipose cells.

Blood glucose ~ 4.5 mM. Liver uses muscle amino acids to
make and export glucose. Triacylglycerols split and the
glycerol is used by the liver to make glucose. Faity acids
used by liver and muscle.

Carbohydrate reserves depleted. Muscle rapidly degraded to
amino acids. Triacylglycerols used.

Liver makes ketone bodies (Citric acid cycle slows). The
switch to ketone body production is coordinated with a
decrease in the rate of protein degradation in muscle.
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Its synthesis and release are decreased by epinephrine, which T
IS secreted in response to stress, trauma, or extreme exercise. Biologic effects
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the synthesis of glycogen, protein, and triacylglycerol
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Glucagon is a polypeptide hormone secreted by the a
cells of the pancreatic islets. Glucagon, along with
epinephrine, cortisol, and growth hormone (the
“counter-regulatory hormones”), opposes many of the

actionsofinsulin. Wb o \,.\_eu.(mﬂ SR Y. LRIV

O GIEageRiactsité maintain blood glucose during

periods of potential hypoglycemia. Glucagon
Increases glycogenolysis, gluconeogenesis, lipolysis,
ketogenesis, and uptake of amino acids.

Glucagon secretion is stimulated by low blood

glucose,;amino acids, and epinephrine. Its secretion is
iInhibited by elevated blood glucose and by insulin.

Glucagon binds to high-affinity receptors of
hepatocytes. Primary target liver and adipose tissue.
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0 Hypoglycemia is characterized by: DB v e
O Central nervous system symptoms, including confusion, aberrant behaV|or or
coma

O A simultaneous blood glucose level equal to or less than 40 mg/dl

O Resolution of these symptoms within minutes following the administration of
glucose. >  .ii N,

1 Hypoglycemia most commonly 0Ccurs in patients receiving insulin

treatment with tight control. l
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O The consumption and subsequent metabolism of ethanol inhibits

gluconeogenesis, Ieadlng to_hypoglycemia in individuals with
>\ depleted stores of liver glycogen. Alcohol consumption can also

Increase the risk for hypoglycemia in patients using insulin.




O Epinephrine is a Catecholamine, When released from presynaptic
nerve endings, serves as neurotransmitter.

O When released from adrenal medulla, acts as hormone. Signals
glucose limitation.

Glycogenolysis Glycogenolysis
. - . Gluconeogenesis| § | Gluconeogenesis
d Main targets muscle and adipose tissue. Katooensets Ketogenesis
Lipolysis Lipolysis

Inhibits insulin secretion and stimulates
glucagon secretion.

QPart of “flight or fight” response.

Epinephrine
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O For example, glycolysis in liver is stimulated after meal by
elevation in fructose 2,6-bisphosphate which is an allosteric
activator of phosphofructokinase-1

O In the fed state, most of the enzymes regulated by covalent
‘ modification are in the dephosphorylated form and are active
A2y Lo (@XEEpLiONS: are glycogen phosphorylase, fructose 2,6-
- so&y bisphosphatase-2, and hormone-sensitive lipase of adipose
Stpal 0= - . o .
W\;ﬂ\ﬁ‘tlssue, which are inactive in their dephosphorylated staEe).

Q Induction and repression of enzyme synthesis = ==/ = *
U For example, in the fed state, elevated insulin levels result in an
increase in the synthesis of key enzymes involved in anabolic

metabolism Aol alhg




O After ingestion of the meal, absorptive state took 2-4 hr where an
increase in glucose, amino acids and TAG in blood is observed

L As a response pancreas will increase the secretion of insulin and
drop the release of glucagon by islets of langerhans

O During the absorptive state, all tissues use glucose as a feul



In fed state
Q In liver: P,

O It starts glycogenesis to replinish glycogen store.
Q Replaces any needed hepatic proteins

A Increase TAG synthesis, which are packaged as very low
density lipoprotein (VLDL) and exported to the perepheral tissue
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Q In resting skeletal muscles
O Increase protein synthesis to replace protein degraded since the
previous meal

O Increase the TAG synthesis and storage

U It uses glucose extensively as feul




In fed state




O Decrease in blood glucose, aa, and TAG levels leading to decrease
in insulin secretion and increase in glucagon and epinephrine
release

1 For the liver, adipose, skeletal muscles, and brain, their are two.
priorities:
U Need to maintain adequate plasma level of glucose to sustain
energy metabolism of the brain and other glucose-requiring
tissues such os RBes

L Need to mobilize fatty acids from adipose tissue andketone
bodies from'liver to to supply energy to the other tissues




In fast state (starvation)

Q In liver, this is accomplished by:
O Glycogenaolysis
U Initiate gluconeogenesis using both increased fatty acid
oxidation as source energy and supply acetyl coA for synthesis

of ketone bodies

B Adipose tissues: will degrade stored TAG to fatty acids and glycerol

that Move 0 the IIVEr — oedakion for falby ociol 03 o sewtee. of erefiy

O start using fatty acids and ketone bodies as feul

L Muscle proteins are degraded to supply amino acids for the liver
to use in gluconeogenesis —=)& sl s

BBIEIR can use glucose (short fasting) and ketone bodies (long
fasting) as'feul



PRIORITY 1: FEED THE GLUCOSE-REQUIRING TISSUES

Blood glucose s maintained first by degradation of
liver glycogen, followed by hepatic gluconcogensis.




O A disease characterized by elevation of fasting blood glucose
caused by relative or absolute deficiency of insulin

O The leading cause of adult blindness, renal failure, heart attacks and
strokes. )l <

BT Canbeof tWOtYpes! »'sw¥)cs viv«
ERTYREDM: insulin dependent DM, usually during childhood,
autoimmune, stimulated by environmental (viral) or genetic(low)

BNTpE2IBMENnon insulin dependent DM, old people,genetic
reasons mainly. A ) Stomlse



U Hyperglycemia and ketoacidosis
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d Type 1 DM compared to fasting
4 Insulin level
0 Blood glucose level
O Ketosis
4 hypertriacylgycerolemia



Hyperglycemia results from !
increased hepatic gluconeogenesis ||
and decreased glucose uptake in

the peripheral tissues.
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QO Insulin‘resistance alone will not lead to Type 2 diabetes. But it
develops in insulin-resistant individuals who show impaired (-cell

function. .
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O Insulin resistance and subsequent risk for the development of Type 2
diabetes is commonly observed in the , and in individuals who

are Obese, , or in the

who develop gestational diabetes.
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Type 2 diabetes mellitus (DM)




