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. 'm vivo, promsulm has a
b1olog1c potency | that is ~only about 10% of that of insulin, »

—31t is of clinical significance that insulin and C- peptlde
are cosecreted in equal amountsa
O% to 60% of the insulin pro-
dl,l ced by the pancreas is e*ctracted by the Jiver 'Wlthout ever ,

reachmg the systermc c1rcu1at10n In contrast, the liver does
nos extract C- -peptide. ’

Because C-peptide is secreted in ]
equimolar concentrations with insulin and is not extracted
by the liver, B-cell insulin secretion rates can be calculated.

- another advantage of measuring
C-peptide is that the standard insulin radioimmunoassay
does not- distinguish between endogenous and exogenous
insulin, ‘making it -an- ineffective- measure- of endogenous
B cell functlon in:-an insulin-treated- d1abet1c patient




~~When glucose is infused intravenously at-a coristant rate,
a blghasm secretory response is observed-that consists of 2
rapld early insulin peak followed by a second, more slowly
rising peak (Fig. 34.3B). In contrast to the slow rise in plasma
glucose concentration following an oral glucose challenge,
glucose given intravenously promotes a rapid rwn plasma

glucose concentration (compare Fig. 34.3A and B). Sensing

a rapid rise in plasma glucose concentration, the § cells first
secrete their stores of presynthesized insulin. Following this
acute phase, the cells begin to secrete newly synthesized insu-
lin in the chironic phase, which lasts as long as the glucose

* challenge. In vitro studies of isolated islet cells and the per-

fused pancreas have identified a third phase of insulin secre-
tion, commencing 1.5 to 3.0 hours after exposure to glucose
and characterized by a spontaneous decline in secretion e
15% to 25% of the amount released during peak secretion: @
level maintained for more than 48 hours.
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CGLUCAGON .

Glucagon is the other major pancreatic islet hormonex"that
is' involved in the regulation of body fuel metabolismﬁ;jges—'
tion of protein appears to be the major stimulus to secretion
of g‘lucag&?‘ Glucagon’s principal target tissue is the liver.
Like insulin, glucagon is secreted first into the portal blood
and is therefore anatomicalily well positioned to regulate
hepatic metabolism.

Although the amino acids released by digestion of a
protein meal appear to be the major glucagon secretagogue,
glucagon’s main actions on the liver appear to involve the
regulation of carbohydrate and lipid metabolism.“Glucagon
1s particularly important in stimulating glycogenolysis, glu-
coneogenesis, and ketogenesis. Glucagon does not act solely
on the liver, but also has glycogenolytic action on cardiac
and skeletal muscle and lipolytic action on adipose tissue,
and it promotes the breakdown of protein by several tissues.
However, these effects on protein tissue breakdown appeaz
to be more prominent when tissues are exposed to pharma¥
cological concentrations of glucagon. At more physiological
concentration, the liver appears to be the major target
’tissue. :~,
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Parathyroid glands
(located on posterior
side of the thyroid

Thyroid gland Rt

Chief cell

Oxyphil cell

Red blood cell

Figure 79-10 The four parathyroid glands lie immediately behind
the thyroid gland. Almost all of the parathyroid hormone (PTH)
is synthesized and secreted by the chief cells. The function of the
oxyphil cells is uncertain, but they may be modified or depleted
chief cells that no longer secrete PTH.
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1-The parathyroid glands develop at 5-14 vifeelzs
of gestation.

2- PTH 1s a single chain protein (9600
molecular weight) that contains 84 amino
acids.

The biologic activity of the hormone remdes

within a.a.1-34.

3- PTH interacts with receptors on the surface
of the target cells increasing the formation of

cAMP, IP & diacylglycerol.

4- PTH 1s free in plasma with half life 25 m.

5- PTH 1s essential for life, without it Ca++
falls in plasma neuromuscular excitability T,
tetany & death occurs.

6- The dominant regulator of PTH secretion 1s

the plasma Ca++ level.

7- Cat++ also regulates the size & the number of

parathyroid cells.
8- Hypomagnesemia stimulates PTH secretion

such as Ca++ but less potent.
9- Arise in plasma phosphate concentration
indirectly causes a transient T in PTH

secretion.
10- 1,25 (OH); -D directly redues PTH

secretion.
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metabolism.
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FIGQURE 38-7 Overview of parathyroid hormone (PTH} actions. PTH acts dixe;:tly on bone and-f

‘ kidney to increass calcium influx into plasma. By stimulating 1,25-(0OH);-D synthaesis, PTH lndj-,“ﬁ ;
rectly also increases calcium abasorption from the gut. Thus plasma calcium level incremse.-a,';Ixf_;tQ

phata excretion. This effact quantitatively offsets entry of phosphate from bone and gut. Ther_e-
fore plasma phosphate level decreases. o
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nd increased excxtablhty of Neuromuscular tissue.
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OVERACTIV!TY of PARATHYROIDS

of. the Parathyro;ds (a’ue often to tumour) lczads to rise x
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Preosteoclasts

Osteoclast
Acid secretion

Lysosome

/

Ruffled membrane
Osteoblast

T

— Area of
S \_bone resorption

Osteocytes

Figure 79-5 Bone resomtion by osteoclasts. Parathyroid hor-
mone (PTH) binds to receptors on osteoblacts, causing them to
release osteoprotegerin ligarid (OPGL), which binds to receptors
on preosteoclast celis. This causes the cells to differentiate into
mature osteoclasts. The osteoclasts then develop a ruffled bor-
der and release enzymes from lysosomes, as well as acids that
promote bone resorption. Csteocytes are osteoblasts that have
become encased in bone matrix-during bone tissue. production;
_ the osteocytes form & system of interczrnzcted cells that spreads
all through the bone.
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“Vitamin D

Vitamin D, in conjunction with PTH, is the sec-
ond major regulatory hormone for Ca** and phos-
phate metabolism. The roles of PTH and vitamin D
can be distinguished as follows. The role of PTH is
to maintain the plasma Ca?* concentration, and its
actions are coordinated to increase the ionized Ca**
concentration toward normal.-The role of vitamin D
is to promote mineralization of new bone, and its
actions are coordinated to increase both Ca?* and
phosphate concentrations in plasma so that these
2lements can be deposited in new bone mineral.

-

o Bone. In bone, 1,25-dihydroxycholecalciferol
acts synergistically with PTH to stimulate osteo--.
clast activity and bone resorption. This action -
may seem paradoxical, since the overall action
of 1,25-dihydroxycholecalciferol is to promote
bone mineralization. However, mineralized
“old” bone is resorbed to provide more Ca?**
and phosphate to ECF so that “new” bone can

- be mineralized (bone remodeling). —




Vitamin D & its Metabolism

1. Vitamin D, is a major regulator of calcium & phosphate
metabolism.

2. Vitamin D is a hormone in the sense that it is synthesized
in the body, although not by an endocrine gland; after
further processing, it is transported via the circulation to
act on target cells.

3. It is a vitamin in the sense that when it cannot be
synthesized in sufficient quantities, it must be ingested in
minimal amounts for health to be maintained.

4. Deficiency of vitamin D causes failure of bone
mineralization & results in the classic disease of rickets in
children & softening of the bones (osteomalacia) in aduts.

. The sterol structure of the synthesized form of vitamin D
(D5) differs slightly from the form usually ingested (D,).

. Vitamins D; & D, are essentially prohormones that
undergo identical processing that converts them to
molecules with identical qualitative & quantitative
actions.

. Once vitamin D enters the circulation from the skin or the
gut, it is concentrated in the liver. There it is
hydroxylated to 25-OH-D. this molecule is transported to
the kidney where it undergoes alternative fates. 3

. 24,25-(OH),-D is only 1/20th as potent as 1,25-(OH),-D
& mainly serves to dispose of excess vitamin D.

. Vitamin D, 25-OH-D & 1,25-(OH),-D circulate bound to
a protein carrier. 1,25-(OH),-D has by far the lowest
concentration & the shortest half-life of the three.
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FIGURE38-8 Vitamin D metabolisin. Whether synthesized in the skin or absorbed from the d
vitamin D undergoes =5 hydroxylation in tha ivar, In tize kidney, it is further hydroxylated in
1 positlon when more biological activity is required or in the 24 position when less blol
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B TABLE 51-2. Vitamin D. metabolism in humans

".P"lasma concentration
(wg/L)

Plasma half-life
(days)

Estimated production rate

(wg/day)

1.25-(OH),-D;
24,25-(OH),-D;
25-OH-D;,

0.03
.2
20

w3
15 to 40
5 to 20

1.
1
10

1
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~S | Endocrine Modulation
o

;o ] 7

Parathyroids Pancreas Pituitary

U { LIS
Low PTH Insulin PRL,GH
@

. 25(0H)D —— o 1-0Hase ~1,25(0H),D
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MINERAL TRANSFER
) Intestine Kidney Bane
‘ Mineral Hameostasis I, .
Figurg_ _84.41.» Functior‘j:gnd regulation of 1,25-(OH),D. (From Haussler and McCain, 1977.)
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.ﬂ'TabIe 7 5 Causes of deﬁcnency of 1 25- dlhydroxycalmferol

- Failure to-synthesize cholecaiciferol in the skin (this occurs in dar.k skinned
, people ina temperature climate)

| Dxetary defncnency of cholecalciferol (relatively unlmportant) Lo

Failure to hydroxylate cholecalciferol in the 25 position (this occurs in chronic
liver dnsease, hepatic osteodystrophy)

-~ Rapid me’tabolism'of cholecalciferol and its active metabolites (this occurs -

- when-hepatic enzymes are. induced and is seen in patients taking an.tic!onvulsants),

. Failure to hydroxylate 25-cholecaleiférol in the 1 position (this occur§ in-
patients with chronic renal failure; renal osteodystrophy)




sodlum permeablhty in nerves E
2. Involved in triggering the release of

acetylcholine from-nerve endlngs at the |

neuromuscular junction

3. Involved in exc1tat10n-contract10n couphng

in muscle cells

H>

hormones

5. Required by some enzymes for normal
activity »

6. Required for blood clottmg to occur

~ normally o o

7. Required for protein secrehon L

8. Constltuent of bone T

. Serves as an intracellular 51gnal for some
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Table 21 1. Dlstrlbuuon (mmoI/L) of calcuum in normal
‘ | human plasma. . -

'_"_'_‘lefﬁ'élble 1.34
" lonized(Ca?*) 1.18
Complexed to HCO;3;™, 0.16 |
, citrate, etc
Nondiffusible (protein-bound) : 1.16
Bound to albumin . - 0.92
Bound to globulin 0.24

Total plas-ma calcium 2.50. ' -

and deaeases ‘the lom-zed Catt ‘concentration whereas acu:iosns has the opposrte eff
‘ect. , i
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Acldemia

Alkalemia

4 lonized [Ca2*]'

¥ lonized [Ca?']

FIGURE 9-32. Effects of acid-base disturbances on plasma pro-
tcin-bingl}ng of Ca“ and the lopized’ Ca®*" concentration in
blood.""
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Calcitonin

1. Calcitonin, a straight-chain peptide of 32 amino acids, has a
molecular weight of 3400.

2. The biologically active core of the molecule probably resides in
its central region.

3. Calcitonin is secreted by thyroid parafollicular cells known as
"C" cells.

4. Calcitonin, (CT), decreases plasma calcium-levels by
antagonizing the actions of PTH on bone.

5. Calcitonin is also present in nervous tissue, where it may
function as a neuromodulator.

6. The major stimulus to CT secretion is a rise in plasma calcium
concentration. -

7. The hypocalcemic action is caused by inhibition both of
osteocytic osteolysis & osteoclastic bone resorption particularly
when these are stimulated by PTH.

8. However, with respect to phosphate, it has the same net effect as
PTH,; that is, CT decreases plasma phosphate concentration &
increases urinary phosphate excretion slightly.

9. The importantcof CT in humans is controversial CT deficiency
does not lead to hypercalcemia & CT hypersecretion does not
produce hypocalcemia. It may be that abnormal CT secretion is
easily compensated for by adjustment in PTH & vitamin D

levels.

10. Is degraded within the liver & kidney, after half-life of 30-60
minutes. |
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Tabde 21—2 Factors that affect bone formatlon and"f’f”

Calcxum metabohsm

& =
I

Parathyroid hormone
1,25- Dnhydroxycholeoalcuferol

Calcitonin
Glucocorticoids

Growth hormone and somatomedms
Thyroid hormones

Estrogens

Insulin

IGF-I
Epidermal growth factor

Fibroblast growth factor
‘Platelet-derived growth factor
Prostaglandin E,

Osteoclast actlvatmg factor

|
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VITAMIN D
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i, 23-aihydroxy metabolits

By the 1920s, investigators recognized that dietary deficiency
of a fat-soluble vitamin was responsible tor the childhood
disease rickets. This disorder is characterized clinically by
hypocalcemia and multiple skeletal abnormalities. Dietary
replacement of vitamin D corrects this disorder and has led
to the practice of adding vitamin D to milk, bread, and other
products. This practice has greatly reduced the prevalence of
this previously common disorder. .

+> Our understanding of the involvernent ot vitamin D in
the regulation of plasma [Ca™) and skeletal physiology has
been clarified only over the past 2 decades. Vitamnin D exists
in the body in two forms, vitamin D; and vitamin D, (Fig.
52-9). Vitamin D, can be synthesized from the 7-dehydro-
cholesterol that is present in the skin, provided sufficient
ultraviolet light is absorbed. This observation explains why
nutritional rickets had been a much more prevalent problem
in northern countries, where clothing covers much of the
skin apd where individuals remain indoors much more of
the year. Vitamin D, is also available from several natural
sources, including cod and halibut liver, eggs, and fortified

i itamin D, is obtained only from the diet, largely from
vegetables. Vitamins D, (Fig. 52-9A) and vitamin D, (Fig.
52-9B) differ only in the side chains of ring D. The side chain
in vitamin D, (cholecalciferol) is characteristic of choles-
terol, whereas that of vitamin D, {ergocalciferol) is charac-
teristic of plant sterols.

Vitamin D (i.e., either D, or Ds) is tat soluble but water
insoluble. [ts absorption from the intestine depends on its
solubilization by bile salts (see Chapter 45). In the circula-
tizn, vitamin D is found either solubilized with chylomi-
arons (see Chapter 46) or associated with a plasma binding

protein.'Most of the body stores of vitamin D are located
in body fat The body’s pools of vitamin D are large, and
only 1% to 2% of the body’s vitamin D is turned over each
“Jay® Therefore, several years of very low dietary intake
(as well as diminished endogenous synthesis) is required
before the endogenous pools are depleted and deficiency
develops.

—> In addition to vitamins D, and D and their respective
-25-hydroxy and 1,25-dihydroxy metabolites, more than 15
other metabolites of vitamin D have been identified in
plasma. However, the specific physiological function of these

. metabolites, if any, is unclear.
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Osteomalacia

- X Osteomalacia is rickets in adults and is frequently called
“adult rickets.”
Normal adults rarely have a serious dtetary deficiency of
vitamin D or calcium because large quantities of calcxug)) are
" not needed for bone growth as in children. However, 4 seri-
, 8 SEI-
oys deficiency of both vitamin D and calcium occasionally
occurs as a result of steatorrhea (failure to absorb fat), for
vitamin D is fat-soluble, and calcium tends to form insolu-
ble soaps with fat; consequently, in steatorrhea hoth vita-
min D and calcium tend to pass into the feces*U___,eI these

conditions an adult occasionally has such poor calcium and

phosphate absorption that adult rickets can occur, though

this almost never proceeds to the stage of tetany —but very

often is a cause of severe bone disability.
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"TABLE 36.3




RICKETS

- \

@M@L_ occurs mainly in children as a result of calcium or
pliosphate_deficiency in the extracellular fluid: Yet, ordi-
narily rickets is due to lack of vitamin D, rather than a

-dietary lack of calcium or phosphate. If the child is.properly
exposed to sunlight, the 7-dehydrocholesterol in the skin
becomes activated by the ultraviolet rays and forms vitamin
D,, which prevents rickets by promoting calcium and phos-
phate absorption from the intestines, as discussed earlier in
the chapter.

3 Children who remain indoors through the winter in gen-
eral do not receive adequate quantities of vitamin D without
some supplementary therapy in the diet&Rig}(ﬂetS tends to
occur especially in the spring months because vitamin D
formed during the preceding summer is stored in the liver
and is still available for use during the early winter months.
Also, calcium and phosphate absorption from the bones can
prevent clinical signs of rickets for the first few months of

vitamin D deficiency.
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OSTEOPOROSIS | — _

- Q_g__t_@__é,@i;isﬁ-(&_g\most common of all bone diseases in

- - adults - and especially in old age, Lé a different disease
“from osteomalacia and rickets, for it Tesults from .
" ished orgapiec matrix rather than abnormal bone calci-
~ fication. Ustially, in osteoporosis the osteoblastic activity
in the bone is less than normal, and_¢onsequently the
rate of ‘bone deposition is depressed.@_B_g’_iz occaSI.Or}auy,
as in hyperparathyroidism, the cause of the diminished

~ Jbone is excess osteoclastic activity. _ e
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