Chapter 9 – Parathyroid Glands
INTRODUCTION
· regulation of Ca2+ levels
· intracellular calcium

· free Ca2+ in cytosol <10-6 M

· Ca2+ in plasma

· ~8.5 – 10.5 mg/dl

INSERT FIGURE

· Ca2+ homeostasis in bone

· Osteoblasts synthesize collagen

· Matrix mineralized by ppt of Ca2+ + PO43-
· Osteoblasts promote mineralization of bone

· Osteoclasts promote demineralization of bone

PARATHYROID HORMONE (aka PTH, aka parathormone)
· PTH is secreted by parathyroid glands

· Structure

· Embedded in posterior surface of thyroid
· 4 oval glands (~1cm)

· Derived from endoderm

· PTH Synthesis
· preproPTH (115 aa) ( proPTH (90 aa) ( PTH (84 aa)

· Catabolized in the liver and kidney (half life of several minutes)

· Effects of PTH

· Stimulates formation of osteoclasts

· May increase the activity of existing osteclasts

· PTH may suppress osteoblasts

· PTH promotes resorption of Ca2+ in kidney

· PTH stimulates reabsorption of Ca2+ in gut

· Indirect effect – mediated by PTH action on vitamin D metabolism via 1α hydroxylase

· Increase blood Ca2+
· Regulation of PTH secretion

· Experiemental data – SEE FIGURES
· Low blood Ca2+ leads to increase of PTH secretion

· High blood Ca2+ leads to decrease in PTH

· Ca2+ sensor in parathyroid glands

CALCITONIN (CT)

· secreted by C-cells (clear cells) of thyroid (parafollicular cells)

· located in the spaces between thyroid follicles

· derived from ectoderm

· CT

· 32 aa

· ~3500 MW

· Effects

· Promotes mineralization of bone

· Some data show inhibition of osteoclasts

· Osteoblast effect not known

· Suppresses reabsorption of Ca2+ in kidneys

· Decrease in blood Ca2+

· Regulation of CT secretion

· Experimental data – SEE FIGURE

· Increase Ca2+ (  Increase CT levels

· Decrease Ca2+ ( decrease CT levels

VITAMIN D
· 1600s – English physician described rickets

· Patients were small in stature

· Malformations of skull and sternum

· Crooked bones

· Muscle weakness

· Inform joints

· 1700s – observed rickets prevalent in children in industrialized Europe (working in “sweatshops”)
· Problem with vitamin D metabolism ( lack of exposure to the sun

· Synthesis of Vitamin D (SEE FIGURE)
· 7-dehydrocholesterol present in skin and is an intermediate of cholesterol biosynthesis

· UV light induces conversion of 7-dehydrocholesterol into vitamin D3
· In liver, 25-hydroxylase catalyzes formation of 25-dehydroxyvitamin D3 (25-OHD3)
· In Kidney, 1α hydroxylase catalyzes formation of 1α 25-dihydroxyvitamin D3 (1α, 25(OH)2D3)

· 1α, 25(OH)2D3 is the only biologically active form

· PTH stimulates activity of 1α hydroxylase

· Effects of 1α, 25(OH)2D3
· Promotes absorption of Ca2+ in gut

· Stimulates Ca2+ reabsorption in the kidney

· Stimulates activity of osteoclasts; suppresses osteoblasts

· Increase blood Ca2+ levels

· SEE FIGURE
CHARLES MARTELL
· Graduated from Massachusetts Nautical School (1916)

· Smart – at top of class

· Tall and healthy (6’ 1”)
· Developed series of symptoms

· Pain in back and legs

· Passing gritty substance in urine

· Unexplained bone fractures

· Over next 8 years, shrank 7 inches in height

· Referred to DuBois at Bellvue Hospital (NYC)

· Hypothesized that Martelle had parathyroid tumor

· Called hyperparathyroid

· After 6 surgeries they found nothing, no tumor

· Martell read everything he could about parathyroid glands

· Normally four parathyroids

· Migrate to thyroid during development

· Thought his might be stuck somewhere during development

· He was correct

· Found the tumor and removed it

· Saw a dramatic decrease in blood Ca2+ levels 
· 6 weeks later he died from kidney stone complications
