Parathyroid
Hormones and
Calcuim &
Phosphate

M\ef bolism

Tewin Tencom
August 26,




Important Spelling
>TIllicit = illegal
Elicit = stimulate, provoke
>Protein not protien; related to Protean = big, large
»Gonadotrope (or gonadotroph) = cell type of the anterior
pituitary
»Gonadotropin = hormone from the anterior pituitary

»Gonadotropism = a physiological state of gonadotropin
hormone:

>underproduction (hypogonadotropism)
»overproduction (hypergonadotropism)
>normal production (eugonadotropism)

»Hypertrophy = growth to large size, may refer to a tissue or
to individual cells

»Hyperplasia = increased cell nhumber
>Neoplasia = new, often irregular, growth




Objectives :

1. Microanatomy of Parathyroid gland

. PTH synthesis

. Action of PTH

. Control of PTH secretion and actions
. Laboratory tests

. Hyper- and Hypoparathyroidism

. Calcium and Phosphorus metabolism
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Classical Endocrine Tissues
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Thyreoid and Parathyroid Glands
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Farathyroid gland

} Thyroid gland

Four parathyroid glands are
embedded in the thyroid gland

2 cell types:
Chief cells secret

parathyroid hormone (PTH
Oxyphil cells are believed

to be old chief cells.
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Blosyninesis and Metaoolismm of PTH

Pre-pro-PTH (115 aa) produced by chief cells
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Pro-PTH (90 aa) in secretory vesicles
PTH (84 aa) secreted to
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m&‘ms of PTH in blood

1. Intact PTH molecu

2. Amino-terminal fragment
3. Carboxyl-terminal fragment

Forms 1 and 2 are biologically acti



Human PTH Molecules

H,N-Ser------ Ser------ Asn--Met---
1 7 11 15

Pro-Ala-Leu-Pro--------------
43 40

O=C-Glu-Ser------- Thr---Asp
OH 83 79 74



rlow are PTrl production and secretiorn conirolled?

» Stimulated by low levels of calcium in the blood.
» Inhibited by high levels of calcium in the blood.

> Stimulated by low levels of magnesium in the
blood.

> Inhibited by high levels of magnesiu
blood.

> Stimulated by high levels of phosphorus |
blood.

> Inhibited by low levels of phosphorus in the
blood.



Control of PTH (I)

Ca®* < 4 mg/dL --- stimulate secretion
> 12 mg/dL --- - stop PTH syn’rhesus

hydroxyapatite
lowering of pla:



Control of PTH (II)

alldhood - Bone resorption by control & limit
numbers of osteoclasts

qhibit vit. D activation
it P reabsorption by renal tubule
5. Hormones - Glucocqrticoid - vit. D antagonist

- T4 increasgsibone resorption

6 Vitamin D
- Parathyroid glant
- Gl absorption of @



7 - dehydrocholesterol Calcium Homeostasis
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PTH
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reuptake —— = Serum Ca+
® —

uptake ———— » Serum Ca*

®

release ——  » Serum Ca+

> These actions are mediated by
cCAMP.

> Increasing resorption

of Ca?* from
> Osteoclasts.

Stimulating retention
of Ca?*, hydrogen
lons, magnesium, and
ammonium,by

. Stimulating
excretion of phosphate,
sodium, potassium, ana
bicarbonate ion.

Promoting 1-
hydroxylation of 25-
OH-D; In

1,25(0OH),-D,
Increases Ca?* and
phosphate absorption
from
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Ceallular Action of PTH
PTH
Receptor

Phosphodiestera

Biochemical change : Bone resorp






Copyright & The McGraw-Hill Compenies, Inc. Permiesion required for reproduction or diaplay.

> -9

Osteablast\ Preexisting Osteocyte Bone matrix OSTEOCLAST

Connecting surface (b)
(a) cell processes

F -
Canaliculus

Cell process

]~ Osteocyte
+-Nucleus

PRE-OSTEOCLASTS STEM CELLS
OSTEQCYTE

Modified from Talmage, Clin. Orthopaed. 67, 1969.

Osteoblasts: Formation of bone through ossification ot
osteogenesis

Osteocytes: Mature bone cells
Osteoclasts: Responsible for bone resorption or breakdown
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Bone is a Dynamic Tissue

15% of bone mass turns over each year!



‘The metabolic bone disease’' reflects the
disturbances in the organic matrix, the mineral
phase, the cellular process of remodeling
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Normal cancellous bone

Osteoiporotic cancellous bone



Turnover and Remodeling of bone

honeremoved by osteoclasts honereplaced by osteohlasts

111111 hone remowe
by osteoclasts

Bone formation mediated by '‘Osteoblast’
Bone resorption mediated by ‘Osteoclast’



Cellular Anatomy of Bone
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CT (minimal
importance
in humans)

PTH &

Osteoclast and Calcitriol
resorption of malrix
Q O “ and dissolution of HA
crystals
Nerve Basemenl Y
fibral membrane Vein

Modified from Paxton, Endocrinology: Biological and Medical
Perspectives, W.C. Brown Publishers: Dubuque, 1A, 1986.




Action of PTH on Kidney

Immediate action
increases : Ca reabsorption, P

excretion

- IF PTH decrees
reabsorption

es : Ca excretion, P

Stimulate vit. D activatic

Normally P was excreted ab
as micromoles of cAMP



Action of PTH on Intestine

ease Ca absorption with aids of

1,25-di OH v



7 - dehydrocholesterol Calcium Homeostasis
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Calcium metabolism

What is the recommended daily intake?
1000mg

What is the plasma concentration?
2.2-2.6mmol/L

How is calcium excreted?
Kidneys - 2.5-10mmol/24 hrs

How are calcium levels regulated?
PTH and vitamin D (+others)



Calcium metabolism

25 mmol/day
25 Mol (99%)

Gut

Kidney

13 mmol/d 300 mmol/day

2.20 mmol/L
(30mmol)
3 mmol/d 290 mmol/day

—-
C—

\ Plasma/ICF

15 mmol/day 10 mmol/day



Functions of Calclurr
» Structural role: Combination of calcium,

phosphorus, and OH to make
“hydroxypatite” or Ca;o(PO,),(OH), in bone.

> Activator (effector or coupling factor) :
Activation of enzymes via cAMP.

» Blood coagulation: Calcium (factor
essential produce thrombin from
prothrombin.

> Skeletal Muscle Contraction: Calcium
activates the reaction of actinomycin anc
ATP.

» Cardiac Muscle Contraction: Impulse.




Functions of Calclurr
> Nerve impulse transmission: Coupling
factor of the neurotransmitter release.

» Regulation of membrane transport and
Membrane stability: Maintainiag rigidity of
plasma membrane and importanee, for
membrane permeabillity.

>Low Ca?* will increase sodium
permeability and excitabllity.

> Milk production.

» Cellular secretion: Increase exocytosis
amylase and insulin from secretory
vesicles.




I Forms of Calclurn

> lonized or Free Calcium (45-50%) is the

only biologically active form because it
can diffuse freely.

» Complexed Calcium (5-10%): s
citrate, lactate, and phosphate.

> Protein bound (40-50%):
»Albumin (80%)
»Globulin



Calcium Distribution In Plasma

lonized Calcium
~1.0 mmol/L

Total Calcium

~2.0 mmol/L

Bound Calcium
~0.95 mmol/L

Complexed Calcium
~0.05 mmol/L




Protein and orl Effects on [toial calciurmn]

1) Protein Effects: normal albumin is 4.5 g/dL.
> Normal serum albumin (albumin 1 g/Ca?* 0.8 g).
> Hyperalbuminemia
Adjusted calcium (mg/dL)=total calcium (mg/dL) —0.8 [aloumin (g/dL) — 4]
> Hypoalbuminemia
Adjusted calcium (mg/dL)=total calcium (mg/dL) + 0.8 [4 -al

g/dL)]

2) pH Effects:

> Acidosis will increase free (ionized) Ca?* in
because H* will compete for albumin.

> Alkalosis will decrease free (ionized) Ca?* in
serum.



Effects of pH Changes :
AcIdosSIS

Total Calcium Total Calcium
~2.0 mmol/L ~2.00 mmol/L

lonized Calcium
~1.40 mmol/L

lonized Calcium
~1.0 mmol/L

Bound Calcitm
~0.55 mmol/L

Bound Calcium
~0.95 mmol/L

T

Complexed Calcium Complexed CaiCitin
~0.05 mmol/L ~0.05 mmol/LL



Effects of pH Changes
Alkalosis

Total Calcium Total Calcium
~2.0 mmol/L ~2.00 mmol/L

lonized Calcium
~0.60-mmol/L

lonized Calcium
~1.0 mmol/L

Bound Calcitm
~1.35 mmol/L

Bound Calcium
~0.95 mmol/L

T

Complexed Calcium Complexed Calcitim
~0.05 mmol/L ~0.05 mmol/L




Phosphate metabolism

Normal plasma concentration?
0.9-1.3 mmol/L

Absorption and excretion?
Gut and kidneys

Regulation

Not as closely regulated as calcium but
PTH most important



FuUnctlons of Prospnorus
» Structural roles:
> Combination of calcium

phosphorus, and OH to make

phosphoproteins in cell membranes
> Genetic materials such as nucleic acids.

> Carbohydrate metabolism: Production of he
phosphate and triose phosphate.

» Stored energy:
» Purine nucleotides such as ATP.
> Creatine phosphate in muscle.

> Regulatory functions: cAMP controls phosphorylat
of enzyames.

> Buffering system of urine and blood: Inorganic
phosphates (HPO, and H,PO,7). At pH 7.4, the ra
s 4:1.



DNA Structure

L I Phosphate

- —

Deoxy ""i“"-‘-"*'f' ¥  Guanine

Adening Thymine

-

Cytosine




FRegulaiory Mecnanisms for Ca arnd P

>PTH
»Calcitonin (CT)
>Vitamin D

»Other factors such as
glucocorticoids, androgen
estrogens, and growth
hormones.



Role of PTH, Vit.D, Calcitonin

Bone Kidney Intestine
PTH + Cares. + Careabs. +Ca abs.(Indirect)
+ Pres -Preabs. + P abs. (Indirect)

Vit. D + Cares. +Careabs. +Ca abs.(Direct)
+Pres +Preabs. + P abs.

Calcitonin -Cares. -Ca reabs. None
-Pres. - P reabs,
- VIt.D activation
Res.=resorption, reabs.=reabsorptiof} aksS =clsSEIpPNeR"= =




7. dehydrocholesterol Calcium Homeostasis Calcitonin (CT)
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echanisms

»Controls the formation of

activated vitamin D.
»1-hydroxylase.

»lonized Ca sends signal t
PTH.

>Serum P will not send via
PTH.



Fee Mechanisms

Llonized Ca

|

t PTH

|

Tl-hydroxylase } 1-hydroxylase

|

1 lonized Ca —— |} PTH




Feedback Mechanisms

Serum Phosphorus

|

1 1-hydI

|

ll-hydroxylase D —— TSerum Phosp
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Serum PTH - RIA, Immunochemistry
- Intact molecule
- C-terminal
- N-terminal
Ca, P, Alakaline phosphatase in serum
Ca, P in urine

Hydroxyproline, hydroxylysine in serum &
urine

cAMP in serum & urine
Others - X-ray ‘
- Bone density, etc. &



Clinical Applications




Serum Calcium is lower than 8.5 mg/dL

Causes of Hypocalcemia
Gr'all'th'Oidism wu anudarneannsihda thyroid gland

° pseUdOhypO r'a'rth'Oidism i PTH widiv uanandi

target organs

* Chronic renal failure(renal osteodystrophy)

Hlviey)



~Serum Calcium is higher than 10.5 mg/dL
Causes of Hypercalcemia

PTH-like substanee from Tumor
(bronchogenic CANumg CA, etc.)

o Milk-alkali syndrome
e Thiazide-induced hyper¢

e Adrenocortical insufficie
Increased vit. D action



Treatment of
Hypercalcemia

o Subtotal surgery

o Autotransplantatio Dper arms



Hyperparathyroidism

Primary : rare disease, about 1/1000
age : <20 yrs., post-menopause

Incidence : ~ 80% Single ¥
adenoma
~ 2% CA gland
with multiple neop
pituitary, thyroid, &



1° Hyperparathyroidism

Symptom : Hypercalcemia
Bone_- back pain, joint pain bone fracture

Gl - Anorexia, nausea, vo
- constipation, peptic ule
bleed --> anemia, welig

- high BP, psychosis



1° Hyperparathyroidism

Lab. Test :

» Serum Ca -lonized increased

- total normal or high

» AlK. P-ase Ingrease ~ 1/4 of patients

> decrease P -- ~3ymg/dL or less

> Urinary hydroxyprolime, Ca - increase / normal

» X-ray - subperiosteal | 0N

- 0steoporosis at §

» PTH - Increase / normal

depend on principle of te




Hyperparathyroidism

Secondary : rare disease, about 1/1000
age : <20 yrs., post-menopause

Incidence : ~ 80% Single ¥
adenoma
~ 2% CA gland
with multiple neop
pituitary, thyroid, &



%Hymmarathyroidism

lActivated Vit. D [Chron

}

1 lonized Ca

forh

!

T Osteoclastic activity—sbone di



2° Hyperparathyroidism

-4 glands involved
Underlying disgase :
- Chronic renal failure - P retention,

- Vit. D Inactivation
- Osteomalacia, rickets
- Steatorrhea

- Chronic malabsorptive s
- Prolonged hemodialysis



2° Hyperparathyroidism

lonized increased/normal
al.normal or low

e Alk. P-ase Increase

® Increase P

® Serum Ca




3° Hyperparathyroidism

Ic Renal fallure/ or other 2° causes

l

Lower blood Ca
PT gland hypertrophy

Autonomy

Tertiary hypergarathyro



Hypoparathyroidism

. Thyroidectomy
ry at area of Neck
oparathyroidism (No response

gen)

Inject PTH ---> Observe uri
Increase - hypoparathyroidis
No change - Pseudohypopara



Hypoparathyroidism

Touniquet > systolic BP

e Scaly eruption, t&ufidu Juu



Hypoparathyroidism

no/dL
> Alk. P-ase - norma
> Urine Ca, P - Low



Metabolic Bone Diseases

1. Rickets / Osteomalacia

_ong Bone softening

Matrix -~ QK, Calcification - poor

Cause : vit. D, Ca, P, protein intake / Abnormal
Renal disease
Gl :- malabsorpti

Ve syndrome
Lab :
- Low serum Ca --- --- ---
- High P -- In case of PT un
- Alk. P-ase increase
- X-ray - pseudofracture, flate
Treat : Oral/lV - Vit. D, Ca, P



Metabolic Bone Diseases

2. Osteoporosis (Porosity of bone)

No exercise, Welg
Low C_a Intake ang
PTH/ Calcitonin 1



Metabolic Bone Diseases

Osteoporosis (Porosity of bone)

Ca, ' Urine Ca
Alk. P-ase - Normal

Bone size and\dénsity - decrease

Treat : Oral Ca, vit. D
Estrogen, androg
Fluoride



Non-Metabolic Bone

Diseases
1. Polyostotic fibrous dysplasia

Oseltls fibrosa diseminata or Albright’s
syndrome.or Osteogenesis imperfecta)

=> Fibrous tissue Bone - brittle bone syndrome

no bone or cactilage
Cause . Congenital dysplasia
Sign : - swollen bone, mostl
- finger bones, ribs Wi
- one point or distribut

- brown skin at the defe
- sexual precocity in fe

kull, leg bones
3alIn,
b0 Or porous



Non-Metabolic Bone

Diseases
Lab : Normalserum Ca, P
Normal Alk:R-ase

Hydroxyproline ~Jincrease
X-ray - thin and hyperostotl
middle of skull

my be.seen



Non-Metabolic Bone

Diseases
2. Paget’s disease (Osteitis deformans)

Cause~Unknown
Inclusion bodies were found - Virus ?

Character

- Increase osteoclastic activity --> bone
resorption rapidl

- Increase osteoblastl
formation rapidly but
disorganized way
- bone pain especially |



Non-Metabolic Bone
Diseases

Lab : - Serum Ca, P vary with the disease status
- Alk. P-ase.very high - (heat labile)
- Serum & uringghydroxyproline - very high
- Urine Ca - very Mghat disease onset
- X-ray - Multiple fis§
long bone.



Non-Metabolic Bone
Diseases

: Nephroca nosis (high Ca intake)

- Depressed nerveat spinal canal -- -- -->
steosarcoma

- Multiple arteriovenotisifistula (due to high blood
supply) --> cardiac fail
Treat :
- Protein, vit. C, vit. D
- Anabolic hormone
- Calcitonin as needed (reduce



Bone Turnover Markers

Formation markers:

Serum osteocalcin
Serum total alkaline phosphatase
Serum bone specific alkaline phosphatase

Serum procollagen I'carboxyterminal
propeptide
N-terminal propeotide

N



Bone Turnover Markers

Resorption markers:

Jrinary hydroxyproline
Jrinary total-pyridinoline
Urinary total deoxypyridinoline
Jrinary free pyridinoline
Jrinary free deoxypyridinoline
Jrinary collagen type | cross-linked
- N-telopeptide
- C-telopeptide
Serum carboxyterminal telopeptide of type
collagen &




