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Figure 22-3, overview
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Figure 22-4
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Figure 22-5
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Figure 22-7, overview
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Figure 22-8
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Figure 22-9

(a) Fed state: insulin dominates
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Table 22-2

Fates of Nutrients in the Fed State

CARBOHYDRATES (absorbed primarily as glucose)

1. Used immediately for energy through aerobic pathways*
2. Used for lipoprotein synthesis in liver

3. Stored as glycogen in liver and muscle

4. Excess converted to fat and stored in adipose tissue
(glucose — pyruvate — acetyl CoA — fatty acids)

PROTEINS (absorbed primarily as amino acids)
1. Most amino acids go to tissues for protein synthesis*

2. If needed for energy, amino acids converted in liver to
intermediates for aerobic metabolism

3. Excess converted to fat and stored in adipose tissue
(amino acids — acetyl CoA — fatty acids)

FATS (absorbed primarily as triglycerides)

1. Stored as fats primarily in liver and adipose tissue*
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Table 22-3
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TABLE 22-3

Cell of origin
Chemical nature
Biosynthesis

Transport in the
circulation

Half-life

Factors affecting
release

Target cells or
tissues

Target receptor

Whole body or
tissue action

Action at cellular
level

Action at
molecular level

Feedback
regulation

Other
information

Insulin

Beta cells of pancreas
51-amino acid peptide
Typical peptide

Dissolved in plasma

5 minutes

Plasma [glucose] > 100 mg/dL; 1 blood
amino acids; GLP-1 (feedforward reflex).
Parasympathetic activity amplifies.
Sympathetic activity inhibits.

Liver, muscle, and adipose tissue primar-
ily; brain, kidney, and intestine not insu-
lin dependent

Membrane receptor with tyrosine
kinase activity; pathway with insulin-
receptor substrates

| Plasma [glucose] by 1 transport into
cells or 1 metabolic use of glucose

1 Glycogen synthesis; 1 aerobic metab-
olism of glucose; 1 protein and triglyc-
eride synthesis

Inserts GLUT transporters in muscle and
adipose cells; alters enzyme activity.
Complex signal transduction pathway
involved.

| Plasma [glucose] shuts off insulin
release.

Growth hormone and cortisol are
antagonistic.



Figure 22-10
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Figure 22-11, overview
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Insulin binds to tyrosine
kinase receptor.

Receptor phosphorylates
insulin-receptor substrates (IRS).

Second messenger pathways
alter protein synthesis and
existing proteins.

Membrane transport
is modified.

Cell metabolism is
changed.




Figure 22-12
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Figure 22-13
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Figure 22-14
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Table 22-5
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TABLE 22-5

Cell of origin
Chemical nature
Biosynthesis

Transport in the
circulation

Half-life

Factors affecting
release

Target cells or
tissues

Target receptor/
second messenger

Whole body or
tissue action

Action at
molecular level

Feedback
regulation

Other information

Glucagon

Alpha cells of pancreas
29-amino acid peptide
Typical peptide

Dissolved in plasma

4-6 minutes

Enhanced secretion when plasma [glu-
cose] < 65-70 mg/dL; 1 blood amino
acids

Liver primarily
G protein—coupled receptor linked to
cAMP

1 Plasma [glucose] by glycogenolysis
and gluconeogenesis; 1 lipolysis leads
to ketogenesis in liver

Alters existing enzymes and stimulates
synthesis of new enzymes

1 Plasma [glucose] shuts off glucagon
secretion

Member of secretin family (along with
VIP, GIP, and GLP-1)
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Figure 22-15
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Figure 22-16
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Figure 22-17
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Figure 22-18
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Figure 22-19
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Figure 22-20, overview
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Figure 22-21, overview

High environmental
temperature

Low environmental
temperature

Maximize heat loss

e Vasodilation of cutaneous
blood vessels

e Increased sweating
e Behavioral responses

* Use of fans to increase
convective heat loss

* Immersion in water to increase
conductive heat loss

* Staying out of sun to prevent
radiant heat gain

* Removing clothes

Minimize heat loss

e Vasoconstriction of cutaneous
blood vessels

e Lack of sweating
e Behavioral responses

* Adding layers of protective
clothing

e Curling up to minimize exposed
surface

e Standing near heat source to
enhance radiant heat gain

Minimize heat production
e Diminished food intake to
lessen obligatory heat production

e Behavioral responses
* Decreased physical activity
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Maximize heat production

e Shivering thermogenesis

e Nonshivering thermogenesis
(unproved in humans)
e Behavioral responses

* Increased voluntary activity
(stamping feet, etc.)
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