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Table-2

Stimulation

Inhibition

Growth hormone-releasing hormone
Glucose decrease

Free fatty acid decrease

Amino acid increase (arginine)
Fasting

Prolonged caloric deprivation

Stage IV sleep

Somatostatin
Glucose increase
Free fatty acid increase

Somatomedins
Growth hormone
B-Adrenergic agonists

Exercise

Stress (Table 43-3) Cortisol
Puberty Senescence
Estrogens Obesity
Androgens Pregnancy
Dopamine

Acetylcholine

Serotonin

o-Adrenergic agonists

Y-Aminobutyric acid

Enkephalins

Growth hormone releasing
peptide (ghrelin)
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Table-3
Stimulation Inhibition
Extracellular fluid osmolality Extracellular fluid osmolality
increase decrease
Volume decrease Volume increase
Pressure decrease Temperature decrease
Cerebrospinal fluid sodium o-Adrenergic agonists
increase Y-Aminobutyric acid (GABA)
Angiotensin I1 Ethanol
Pain Cortisol
Nausea and vomiting Thyroid hormone
Stress (see Table 43-3) Atrial natriuretic peptide
Hypoglycemia
Cytokines
Temperature increase
Senescence
Drugs
Nicotine
Opiates
Barbiturates
Sulfonylureas

Antineoplastic agents
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FIGURE 52-2. Scheme of the sites of calcium regulation for PTH bio-
synthesis, intraglandular metabolism, and secretion. Sites known to be
influenced by calcium are denoted by (). These include reversible re-
duction of preproPTH mRNA levels by elevated extracellular fluid cal-
cium levels acting on preproPTH gene transcription, increase in the
production and release of COOH-terminal fragments by elevated cal-
cium levels, and increase in secretion of the mature form of PTH by
reduction in extracellular fluid calcium concentration. Whether calcium
acts to alter the splicing of the pre-mRNA or the turnover of mature
mRNA is presently unclear and is denoted by (?).
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Endres, D.B., Villanueva, R., Sharp, C.F., Ir..
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FIGURE 39-19. Amino acid sequence of PTHrP. Although the exact length of circulating PTHrP is unknown, proteins of 139, 141, and 173 amino s
have been predicted from alternate splicing events. The black circles show amino acids that are identical for PTH and PTHrP. (Adapted from Hemés
G.N., Goltzman, D.: Parathyroid hormone-like peptide. /n: Endocrinology and Metabolism in Service. Vol. 9. Washington, DC, American Associssim
for Clinical Chemistry, 1991, pp. 9-24.)
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= >UJRE 39-15. Structure of vitamin D; (cholecalciferol) and vitamin D,

-zocalciferol) and their precursors. 7-Cholecalciferol is produced in the

- from 7-dehydrocholesterol on exposure to sunlight. Ergocalciferol is

= «uced commercially by irradiation of ergosterol. (Adapted from Holick,

= . Adams, J.S.: Vitamin D metabolism and biological function. In: Met-

- 22 Bone Disease. 2nd ed. L.V. Avioli, S.M. Krane, Eds. Philadelphia,
v 3 Saunders, 1990, pp. 155-195.)
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FIGURE 39-16. Metabolism of vitamin D. Vitamin D, and vitamin D,
are enzymatically hydroxylated to 25-hydroxyvitamin D in the liver and
1,25-dihydroxyvitamin D by the kidneys. 1,25-Dihydroxyvitamin D, and
1,25-dihydroxyvitamin D are the biologically active forms of vitamin D.
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FIGURE 39-18. Amino acid sequence of calcitonin.
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_¢ | Distribution of Calcium, Phosphate,
TABLE 39-1 and Magnesium in the Body

Relative Distribution (%)

Tissue Calcium Phosphate Magnesium

Skeleton 99 85 55

Soft tissues 1 15 45
Extracellular fluid <0.2 <0.1 I

Total [g (mol)] 1000 (25) 600 (19.4) 25 (1.0)

(Adapted from Aurbach, G.D., Marx, S.J., Speigel. A.M.: Parathyroid hormone,
calcitonin and the caleiferols. fn: Williams Textbook of Endocrinalogy. §th ed. 1.D.
Wilson, D.W. Foster, Eds. Philadelphia, W.B. Saunders, 1992, pp. 1397-1476.)
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Physiochemical States of Calcium,
TABLE 39-2 | Phosphate, and Magnesium

in Normal Plasma

Approximate Per Cent of Total
State Calcium Phosphate Magnesium
Free (ionized) 50 55 55
Protein-bound 40 10 30
Complexed 10 35 15
Total (mg/dL) 8.6-10.3 2.5-4.5 1.7-2.4
(mmol/L) 2.15-2.57 0.81-1.45 0.70-0.99

(Adapted from Marshall, R.W.: Plasma fractions, fn: Calcium Phosphate and Mag-
nesium Metabolism. B.E.C. Nordin, Ed. London, Churchill Livingstone, 1976, pp.
162-185.)
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FIGURE 39-18. Amino acid sequence of calcitonin.
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Fig. 1.5

The effects of active vitamin D on the epithelial cells of the small intestine and the

resultant movement of calcium ions across the cells.
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Figure 1. Structural features of steroids and numbering of the
carbon atoms of steroid hormones derived from cholesterol
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Figure 7. Model of glucocorticoid (GC) action. GC is transported in
plasma bound to corticosteroid binding protein (CBG).
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Table-4

Rapid (seconds)
Increased transport of glucose, amino acids, and K* into
insulin-sensitive cells

Intermediate (minutes)
Stimulation of protein synthesis
Inhibition of protein degradation
Activation of glycolytic enzymes and glycogen synthase
Inhibition of phosphorylase and gluconeogenic enzymes

Delayed (hours)
Increase in mRNAs for lipogenic and other enzymes

' Courtesy of ID Goldfine.
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Table-5

Adipose tissue

Increased glucose entry

Increased fatty acid synthesis
Increased glycerol phosphate synthesis
Increased triglyceride deposition
Activation of lipoprotein lipase
Inhibition of hormone-sensitive lipase
Increased K* uptake

scle

Increased glucose entry

Increased glycogen synthesis

Increased amino acid uptake

Increased protein synthesis in ribosomes
Decreased protein catabolism

Decreased release of gluconeogenic amino acids
Increased ketone uptake

Increased K* uptake
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1. Decreased ketogenesis

2. Increased protein synthesis

3. Increased lipid synthesis

4. Decreased glucose output due to decreased
gluconeogenesis and increased glycogen synthesis

General
1. Increased cell growth
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Ketoacids

Fatty acids

Amino acids Glucose
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protein Tyr ADP

Intracellular
Cytosol — insulin effects

Insulin receptor. The insulin receptor consists of two

« chains on the outer face of the plasma membrane and
two @ chains that traverse the membrane and protrude
from the cytosolic face. Binding of insulin to the « chains
triggers a conformational change that allows the auto-
phosphorylation of Tyr residues in the carboxyl-terminal
domain of the § subunits. Autophosphorylation further
activates the tyrosine kinase domain, which then cat-
alyzes phosphorylation of other target proteins.
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PANCREATIC HORMONES & DIABETES MELLITUS / 603
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Flgure 18—-6. Tissue-specific secretory products of human proglucagon. (GLP-1, glucagen-like peptide-1; GLP-2,
‘ fucagon-like peptide-2; GRPP, glicentin-related polypeptide.)

§-Cell -« o a-Cell
Qamatostatm S >| Glucagen
FIGURE 22-9 .

Paracrine regulation of islet cell hormonal secretion. @ . Stimulation:
. inhibition. [Drawn after R. H. Unger, R. E. Dobbs. and L. Orci. Insulin,
glucagon, and somatostatin secretion in the regulation of metabolism.
.‘Amiu. Rev. Physiol, 40, 307 (1978). O 1978 by Annual Reviews Inc.]
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Effects on liver
Anabolic effects:
Promotes glycogenesis
Increases synthesis of triglycerides, cholesterol, and
VLDL.
Increases protein synthesis
Anticatabolic effects:

Inhibits glycogenolysis.

inhibits ketogenesis.

Inhibits gluconeogenesis.

Effects on muscle
Promotes protein synthesis:
Increases amino acid transport.
Stimulates ribosomal protein-synthesis.
Promotes glycogen synthesis:

Increases glucose transport.

Enhances activity of glycogen synthetase.

Inhibits activity of glycogen phosphorylase.

Effects on fat
Promates triglyceride storage:

Induces lipoprotein lipase, making fatty acids available
for absorption into fat cells.

Increases glucose transport into fat cells, thus increasing
availability of a-glycerol phosphate for triglyceride syn-
thesis.

Inhibits intracefular lipolysis.
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. Figure‘{s Regqulation of 6-phosphofructa-2-kinase and fructose 2,6-bisphosphase activities
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cAMP-mediated activation of protein kinase A results in phospharylation of the double headed 8-phosphofructo-2-kinase/fructose
2,6-bisphosphatase (PFZX/F2 6P ase) enzyme. This inactivates PF2K and activates F2,6-P ase and lowers cellutar fructose
2,6-bisphosphate (F2,6-P,) levels. Acsivation of phasphaprotein phosphatase by a signaling cascade initiated by insulin produces the
oppoasite effects on the enzyme activities and increases fructose 2,6-bisphosphate levels. (Compare with the system in cardiac
muscle, Figure 6.12, Chapter 6.) . e
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« Figure 3.9 Insulin-signaled translation

" Assembly of
INSULIN Preinitiation Complex
P P
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ADP ADP
P Pi
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Initiation of
Translation

Translation of mRNAs,
Coding for Ribosomal Proteins,
Cell Cycle Progression

The anabolic thrust of insulin signaling is mediated in part by stimulating the translation of ribosomal proteins on a limited szt of
mRNAs through {a) the protein kinase identified as p70 S6K: {b) the assembly of protein transcription factors through the mocutation of
3 MRANA 5’ CAP-ninding component (4€-BP 1, also designated PHOS-1) and (c) the activation of a G-protein exchange facter 2iF2B).
These terminal events rely on the activation of the insulin-degendent signal pathway leading through PI-3K and PKB (Figurs 3.8).
Amino acids act in concert with insulin in supporting protein synthesis and diminishing protein degradation.
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The effect of insulin on muscle, e PYTK*
adipose, and liver. The effect of
insulin on these three tissues is
shown above. The reactions
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stimulated by insulin are
indicated with purple arrows.
Insulin stimulates the
dephosphoerylation of many
proteins phosphorvlated by the
cAMP-dependent protein kinase.
Insulin stimulates glucose
transport, glycogen synthesis, fat
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synthesis and storage, and
protein synthesis—the latter
especially in the muscle (see text
for more detail).
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Gluconeogenesis
Ketogenesis
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Opposing actions of insulin and
glucagon plus epinephrine,
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fatty acids <« 3 tatty acids
= <—— triacylglycerols
glycerol €——— glycerol

Glucagon and adipose. The action
of glucagon on the adipose is
shown above. The major overall
effect is the release of fatty acids
into the bloodstream (see text for
more detail).
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Glucagon and the liver. The cytosol 4 Pyr FACOA=—FA
: ; glucose X *
action of glucagon on the liver ” - - A
is shown above. The major mitochondrion / Y o Y
overall effect is an increase in i /,-’ pyr POH* (p, FACOA
blood glucose, from glycogen % | Mo
and gluconeogenesis, and an Mal or Asp ‘~UDH - p-oxidation
| 4 ! \‘
' : N 4 NADH

increase in ketone bodies (see
text for more detail). Major
allosteric and covalent effects
are shown, with the f inal form
of covalently converted
enzymes shown in purple, and
reactions increased by
glucagon shown with purple
arrows and those slowed
shown with dashed lines (see
text for more detail).
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Tsh= thyroid stimolating Hormone
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