1. Meghan Ellis

Calcium and Phosphorus metabolism in lizards (esp Green Iguana)

2. Cell signaling- 

Phosphatidylinositol signal cascades- some hormone receptors; 2nd messenger -ER release of Ca++

Neural transmission- action potential to voltage gated Ca++ channel( influx of Ca++ into cells( ACh release into synaptic cleft


Muscarinic- regulation of cardiac contractions, bronchoconstriction, GI motility, exocrine glands,


Nicotinic- autonomic nervous system, neuromuscular junctions, CNS

Muscle function- NM junctions

Blood coagulation- intrinsic pathway

Enzymatic co-factor 

Membrane and cytoskeletal functions- calcium channels

Bone mineralization- required

3. Calcium is very tightly regulated.  Homeostasis is instantaneously monitored and corrected by the parathryoid gland.  Decreased ionized Ca stimulates production and release of PTH by the chief cells.  PTH stimulates osteoclastic osteolysis to release calcium.  It causes the renal tubules to increase retention of calcium.  

Active vitamin D3 causes increased retention of calcium by the GI tract

PTH is regulated by negative feedback.

Increased serum calcium causes the C cells of the thyroid gland to release calcitonin.  Calcitonin causes decreased renal absorption and increased bone deposition of calcium.  This is not an instantaneously regulated system like with PTH.  

4.  The parathyroid gland in reptiles is similar histologically to mammals.  The darkly staining cells are the chief cells which secrete PTH.  The other cells are acidophils, which are tightly packed with mitochondria but have an unknown function.   The parathyroid gland is often difficult to see grossly.  During necropsy, the entire region is often submitted if it cannot be found.

5. PTH is regulated mostly by ionized Ca, but phosphorus also has an effect.  The mass effect law is the product of calcium and phosphorus is always constant.  Therefore, hyperphosphatemia causes hypocalcemia, which in turn stimulates PTH.

6.  The metabolic effects of PTH are seen here


Increased osteoclastic osteolysis to release Ca and P into the bloodstream


Increase renal tubular absorption of Ca

Increase conversion of 25-hydroxycholecalciferol to the active 1,25 dihydroxy form in the kidneys, which in turn stimulates increased GI absorption of Ca

7. Calcitonin is secreted by the thyroid gland in response to chronically low Ca.  Icalcitonin promotes the absoprtion of calcium by the skeletal system and inhibits osteoclastic osteolysis.  

8. Calcitonin is regulated by ionized serum calcium levels and a negative feedback loop

9. Reptiles have a single thyroid gland located at the bifurcation of the great vessels. Its size can be mildly increased in response to seasonal changes.  The parafollicular cells or C cells are the ones that secrete calcitonin.

10.  Moving on to phosphorus…

Phosphorus is essential for bone mineralization, phospholipid in cellular membranes, cellular respiration, as a component of DNA and RNA, and for post-transcriptional modification of proteins
11. Phosphorus homeostasis is controlled by PTH, active vitamin D3, and its relation to calcium.  Ca x P is equal to some constant, so increases in one result in the decrease of the other.  If phosphorus is increased, ionized calcium decreases, stimulating PTH, which causes increased renal excretion of phosphorus.  If phosphorus is low, it causes increased renal conversion of hydroxycholecalciferol to active vitamin D3, which causes increased GI absorption of phosphorus.

12.  Vitamin D3 is synthesized through a series of conversion starting in the skin.  7 dehydrocholesterol is found in the epidermis, specifically stratum spinosum and stratum basale.  With UV-B radiation (280-320 nm) it is converted to cholecalciferol or inactive vitamin D, a steroid hormone that circulates until it gets to the liver.  There it is converted 25-hydroxycholecalciferol by 25 hydroxylase, and again circulates in the bloodstream.  In the kidneys, 1 alpha hydroxlase makes the final conversion to 1,25 dihydroxycholecalciferol, or active vitamin D3.  None of the steps of vitamin D3 activation are tightly regulated EXCEPT the last one, where PTH controls the activity of 1 alpha hydroxylase.  Low serum phosphorus can also stimulate its activity.  Vitamin D3 stimulates intestinal absorption of calcium, phosphorus, and magnesium.  It also maintains Ca and P levels for proper bone mineralization.

13.  The normal total and ionized Ca levels are seen here.  Ionized Ca levels are preferred in diagnosing and monitoring treatment response for hypo and hypercalcemia, although total calcium is also used.  

14.  There are several causes of hypocalcemia in reptiles.  The most common are husbandry related, such as dietary deficiency, excessive dietary P, NSHP, and deficient vitamin D3 either through diet or light.  Hypoalbuminemia is a cause of hypocalcemia for the same reasons as in mammals- decreased protein binding.  Primary hypoparathyroidism is always listed as a differential, but I could not find any references to confirmed cases in reptiles.  In humans, hypoparathyrpoidism is caused by accidental removal during thyroidectomy), congenital absence of glands with thymic aplasia and certain heart defects, familial, and idiopathic autoimmune atrophy of the glands.  Besides idiopathic, I doubt any of these are important in reptiles.  I am going to discuss NSHP later.

15.  Most cases of hypercalcemia in reptiles are iatrogenic.  Gravid oviparous females may have a profound physiologic hypercalcemia during vitellogenesis (yolk accumulation).  Primary hyperparathyroidism, psuedohyperparathryoidism, and  osteolytic bone disease are rare in reptiles.  

16.  Normal serum P is 1-5 mg/dl

17.  Causes of hypophosphatemia are starvation and dietary deficiency, but the latter is rare.  Most inappropriate reptilian diets have excessive P.

18.  Some causes of hyperphosphatemia include excessive dietary intake, renal disease, excessive vitamin D3.  Less common causes are also listed.  Factitious hyperphosphatemia from delayed separation serum or plasma from clot may occur (phosphorus is released from RBCs).  I will discuss renal disease and RSHP later.  

19.  NSHP starts with a husbandry problem- low dietary calcium, low vitamin D3 (either from diet or insufficient UVB light), or excessive dietary phosphorus.  All 3 cause hypocalcemia, which stimulates PTH release.

20.  The problem occurs when underlying cause of hypocalcemia is not corrected.  Eventually, bone loss by osteolysis causes pathologic fractures of the long bones and spine, and fibrous thickening around the long bones and jaw.  This presentation gave the common name for the disease “rubber jaw.”  More seriously, hypocalcemia leads to twitching, incoordination, and seizures due to neuromuscular junction calcium deficiency- this is an emergency!  Especially in young animals, the effects on smooth muscle can cause cloacal prolapse, which must also be treated ASAP.  

21.  Mild NSHP may present with weak or thin shelled eggs.  Diagnosis is made by history, clinical signs, and mildly low to low-normal serum calcium level.  Many animals are also dehydrated and anorexic.  

22. Different presenations of NSHP 

In turtles often the first clincical sign is pyramiding of the shell.  Eventually the shell will become soft and rubbery.  In iguanas, the classic rubber jaw appearance.  The chameleon’s dorsal fin demonstrates how soft and pliable the bones become.  The tiny guy on the palm is very dehydrated, weak, and thin.  His arm may have been broken and healed in that position.  

23.  Treatment involves correcting the husbandry problems, correcting hypocalcemia, and rehydrating. 

24.  Renal secondary hyperparathyroidism is a common cause of calcium/phorphorus imbalance in reptiles.  Inadequate humidity and/or water intake, excessive protein, and NSHP can all cause renal disease in reptiles, which may lead to RSHP.  Due to renal disease, the kidneys are unable to excrete excessive P, leading to hyperphosphatemia.  Because of the Ca X P product rule, hypocalcemia soon develops, which stimulates production of PTH.  PTH secretion is also stimulated by the inability of renal tubules to convert vitamin D3 to the active form.  Lack of active vitamin D3 means that the GI tract is not stimulated to absorb more calcium.  

25.  At a Ca x P >9, the kidneys are at risk of mineralization, causing further renal disease.  At >12, all soft tissues are at risk, especially the greater vessels and bronchi. Ischemic necrosis may occur because of mineralized blood vessels, especially at the tail.  On top of that, the reptile may be suffering from symptoms of hypocalcemia.

26.  Top picture: boa constrictor with inclusion body disease causing severe nephrosis and gout.  You can see swollen areas of uric acid accumulation.  

Bottom picture: green iguana with tubulonephrosis and glomerulonephrosis due to high protein diet, low humidity, and inappropriate water provision.  He is thin, dehydrated, and has areas of ischemic necrosis.  

27.  The clinical pathologic derangements most commonly seen with RSHP are severe hyperphosphatemia, hypocalcemia, dehydration, anemia (due to decreased erythropoietin/chronic disease), an inverted serum Ca:P ratio.  These, combined with clinical signs and renal palpation, were classically used to diagnose RSHP in reptiles.  Dr. Stephen Hernandez-Divers recommends plasma biochemistry, renal biopsy, and iohexol clearance tests to diagnose renal disease in reptiles.  

28.  The kidney of the green iguana in A is impinging upon the lower GI tract because it is too big

The uromastyx in B has cystic mineralization of both kidneys

Irregular renomegaly in the chinese water dragon in C is seen with an excretory urogram

29.  Unfortunately, most reptiles with renal disease present in end-stage failure.  However if it is caught early, treating renal disease in reptiles is much like in mammals- reduce dietary protein (especially in herbivores), correct Ca and P derangements, correct dehydration, supplement with vitamin B complex, change fatty acid ratio to 3:1 omega-6 to omega-3 (from 6:1), correct all husbandry issues (water, light, diet, etc.)

