Neurendocrine Evaluation of Cardiac Disease
Neurepinephrine and epinephrine

· hormones synthesized by adrenal medulla from L-tyrosine

· NE also a neurotransmitter (but not Epi)→only chromaffin cells contain phenylethanolamine N-methyltransferase that converts NE to Epi
· small amount of NE leaks from nerve terminal and into bloodstream—can act as marked of SNS activity
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[NE] in humans with CHF correlates: 

· directly with severity of heart failure

· directly with clinical status

· inversely with survival

· best measured by high-pressure liquid chromatography (HPLC)
· limited studies of [NE] and [Epi] in dogs/cats with heart disease

· [NE] and [Epi] elevated in cats with HCM, HCM with TE’s, RCM (and CHF from these diseases)

· [NE] elevated in dogs with CHF due to DCM>MVD and correlated directly with severity of CHF
Natriuretic peptides (ANP& BNP)

· Markers of mycocyte stress

· CNP—found in heart, brain, kidney, vasculature
· paracrine function (low levels in blood)

· vasodilation

· ANP, BNP (B-type) encoded by cardiac mRNA and cleaved to form proANP and proBNP which are stored in atrial secretory granules
· cleaved into mature ANP, BNP with segments: NT-proANP/NT-proBNP, C-termini

· also made by pituitary, lungs, hypothalamus, kidneys but in much lower concentrations

· in disease states the ventricles become the main site of production

· released in response to atrial stretch

· sustained increases as in heart disease requires hormone synthesis from increased mRNA expression

· patterns of ANP/BNP gene expression varies across species and type of heart disease

· actions oppose RAAS

· act on NPR-A receptor (located within the kidney, adrenal, endocardium, brain, lung, and aorta)
· GPCR→increases cGMP→protein kinases, ion channels, phosphodiesterases→physiologic effects:

· induce natriuresis and dieresis by inhibiting tubular Na transport in medullary collecting duct of kidney

· mediates arterial vasodilation
· inhibits renin (from kidney) and aldosterone (from adrenal cortex) release

· clearance from blood:

· clearance receptor (NPR-C): internalization and degradation of ANP, BNP
· expressed in several tissues

· renal clearance: NT-ANP, NT-BNP→slower decay/longer half-life

· NT-ANP, NT-BNP: more sensitive markers of heart disease and levels correlate more closely with severity of heart disease (BUT levels are altered by renal function!)

· good homology of ANP across species, but not for BNP→difficult to apply human assays for BNP

· only available test for animals: RIA (tedious)

· bedside tests in human med can help discriminate dyspnea due to CHF Vs pulmonary disease

· used to diagnose early heart disease, prognosticate, and guide treatment

· BNP appears promising in cats, Vs NT-proANP in dogs
Renin-Angiotensin-Aldosterone System (RAAS)

· Renin
· prorenin: major circulating form

· converted to renin within storage granules or after release

· made in the JGA cells in the kidney

· half-life: 10-20mins

· stimuli for release:

· β1-adrenergic stimulation

· decreased renal perfusion

· reduced Na reabsorption from renal tubules

· angiotensin II: major inhibitor of release (= negative feedback)
· action: accelerate the conversion angiotensinogen →angiotensin I (in pulmonary endothelium)
· Angiotensinogen

· made in the liver, stored in the plasma

· production upregulated by infection, hyperthyroidism, HAC (and visa versa)

· converted to angiotensin I by renin

· angiotensin I is converted to angiotensin II  by ACE, cathepsin G, elastase, TPA, chymase, CAGE (chymostatin-sensitive AII -generating enzyme)

· ACE also inactivates bradykinin (potent vasodilator)

· AngIII is a by-product that has similar actions but is less potent than AngII
· Angiotensin II
· Ang-I receptors (ARB’s)→blood vessels, kidney, heart, pituitary, adrenal glands
· actions:

· potent vasoconstrictor

· promotes Na and H2O retention 

· direct effect on renal tubules

· stimulates aldosterone production and release

· half-life: 1-2mins (rapidly degraded by angiotensinases in blood/tissues)

· Aldosterone

· made and released by adrenal cortex (zona glomerulosa) as well as brain, vasculature, myocardium

· stimuli for release:

· Ang II
· ↑[K+]

· ACTH

· NE/Epi

· ET-1

· AVP

· acts on epithelial cells of distal collecting ducts→binds to cytosolic mineralocorticoid receptor (MR) where it leads to Na reabsorption and K+ excretion

· also exerts Na saving effects in salivary glands, sweat glands and colon

· Interpretation of various RAAS assays are problematic, and all components should be simultaneously measured

· consensus agrees that RAAS is activated in CHF

· disagreement regarding the activation of RAAS before the onset of overt CHF

Endothelin

· endothelium-derived vasoconstrictor (opposes NO and prostacyclin)

· ET-1, ET-2, ET-3
· derived from proendothelin (aka big endothelin) and activated by endothelin-converting enzyme (ECE)

· produced by vascular endothelial cells

· ET-1: primary circulating form of endothelin

· stimuli for production:

· hypoxia

· stretch

· low shear stress

· Ang II
· AVP

· NE

· bradykinin

· TGH-β

· interleukin-1

· 2 receptors: ETA, ETB
· ETA actions:

· vasoconstriction

· increase in myocardial contractility

· aldosterone secretion

· ETB actions:

· vasodilation (via NO production; NO also inhibits ET-1 synthesis = negative feedback)

· aldosterone secretion

· human med: ET-1 and big-ET-1 elevated in CHF, correlate with disease severity and inversely with survival

· vet med:

· ET-1 increased in CHF due to MVD, DCM (dog) and cardiomyopathy ±TE (cat)

· in dogs with dyspnea: elevated ET-1 and NT-pro-ANP differentiated CHF Vs other (although NT-proANP much more accurately)

· ET-2, ET-3 produced by tissue chymases

Vasopressin

· aka antidiuretic hormone (AVP=ADH)
· 2 aa different than oxytocin

· provasopressin made in cell bodies of hypothalamus→converted to vasopressin in vesicles during axonal transport to posterior pituitary

· stimuli for release:

· increased plasma osmolality

· hypovolemia→stretch receptors in atria and large veins decrease their firing rate which stimulates the release of AVP

· SNS stimulation

· Ang II
· receptors:

· V1A receptors (in vessels and heart)→weak vasoconstriction and inotropy

· V2 receptors (in kidney)→H2O reabsorption by increasing the number of aquaporin-2 water channels inserted into the luminal membrane of cells in the renal collecting ducts
· V2 receptors (in baroreceptors)→augment baroreceptor reflex to lower HR to keep BP WNL

· Conivaptan: V1A/ V2 blocker
Adrenomedullin

· produced in a variety of tissues (adrenal medulla, heart, lung, kidney)

· multiple stimuli of production (cardiac pressure and volume overload, inflammatory cytokines)

· actions: 

· natriuresis

· vasodilation

· inotropy (attenuates myocardial hypertrophy and collagen production)

· marker of myocyte stress

ST2

· interleukin-33 receptor

· predicted by cardiac myocytes

· stimulus for production/release: myocardial stretching

· marker of myocyte stress
Fas

· TNF-α receptor expressed on a variety of cells, including myocytes

· Activated by fas ligand

· Action: mediates apoptosis

· Marker of inflammation

C Reactive Protein (CRP)

· Acute phase reactant protein

· Produced by liver in response to inflammation (Il-6)

Markers of inflammation:

· CRP

· Fas

· TNF-α
Markers of oxidative stress:

· Plasma myeloperoxidase

· Isoprostane excretion

· Uric acid

Markers of myocyte injury:

· cTnI

· cTnT

· myosin light chain 1

· heart fatty-acid binding protein

· creatine kinase MB fraction

Markers of myocyte stress:

· ANP

· BNP

· Adrenomedullin

· ST2

Markers of cardiac remodeling:

· Procaollagen type III

*neuroendocrine timeline for heart disease


Early: natriuretic peptides, SNS


Mid: Endothelin


Late: Vasopressin (if CHF severe enough to cause hypotension)

Debate: RAAS activation—early Vs late
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Figure 4. Receiver-operating characteristic curve for various cutoff levels of B-type natriuretic
peptide (BNP) in differentiating between dyspea due to congestive heart failure and dyspnea
due to other causes.

BNP = Btype natruretc peptide.

Reprintetfrom Maisel AS, Krishnaswamy P, Nowak RM, et al Breathing Not Properly Multnationa Sty Investigators.
Rapid measurement o B-ype natriuetc peptice inthe emergency diagnos’s ofheart falure. N Engl Med 2002 Jul
18347(3)161-7." Copyrght 2002 Massachusetts Medical Socity. Al rights eservd.
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Figure 1. The renin-angiotensin-aldosterone cascade.





Note: poor specificity as stress and exercise can also ↑[NE]





Note: chronic stimulation of ETA receptors cause proliferation and hypertrophy of vascular smooth muscle and myocardial hypertrophy which worsens heart disease








