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ABSTRACT 

Title: The Role of the C yclooxygenase Pathway in the Cardiovascular and Rend 
Sympathoinhibitory Effects of Anid Natriuretic Factor (ANF). 

Department: Physiology 

Degree: Master of Science 

University of Toronto 

1997 

Hvpothesir: ï h e  blockingofthecyclooxygenasepathwa~preventscardiovascularand 
renal sympathoinhibitov effects of Atrial Natnuretic Factor (A'Ir?:). 

It has k e n  established thar .&IF can excite va@ nenre endings and invoke a 

Bezold-Jarisch reflex-like response causing bradycardia a decrease in merial blood 

pressure and a reduction in renal sympathetic nerve activity. This cardiac vagal depressor 

reflex originates. in par t  in chemically sensitive 5-HT3 recepton. Others have 

demonstrated that A ?  does not directly stimulate 5-Hf 3 receptors to invoke the cardiac 

depressor reflex. This midy exarnined whether ANF invokes this cardiovascular reflex 

through the production of prostaglandins uhich in tum leads to the activation of 

chernosensitive va@ nerve endings. This question rnTa.s exarnined by inhibiting 

prostaglandin synthesis through the cyclooxygenase pathway using indomethach. Rend 

sympathetic nerve activity (RSNA). anenal blood pressure (ABP) and hem rate (KR) 

were recorded in anesthetized rats. The ANF-rnediated decrease in ABP and RSNA, 

obsenred when prostaglandin synthesis was inhibited. did not sik&ficantly differ fiom the 



decrease O bserved in these paramefers when pronaglandin synthesis wsa no t inhi bi ted. 

Heart rate remained unchanged. Our results suggen that .4XF does not use 

proqlandins as an intermediary compound to excite cardiac vagai nerve endings and 

cause the subsequent activation of the Bezold-Jarisch reflex. 

iii 
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Or you wiil be t~uglrr how tofly 

+ Auihor Unknown 
+ given tu me by a person who will alwîtja be loved and never forgoîten 
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INTRODUCTION 

The Objective 

The physiological relationship between the cardiova~ular syaem and the rend 

syaem significantly conaibutes to the maintenance of homeostasis in the body. 

Specifically, the intepted work of these systerns results in the regdation of blood 

pressure and extracellular volume. The effects of Atriai Natnuretic Factor (AM) have 

consistently demonstrated that it may be an important factor in both the cardiovascular 

and rend systems. The proposed study below, specifically attempts to elucidate the 

possible link between ANF. cardiac chernosensitive recepton. prostqIandins and the 

activation of vagal afferents. 

Atrial Xatriuretic Factor 

The discovery 

A comection benmen the heart and die kidney for the purposes of maintainhg 

homeostasis in the body was speculated long before the discovery of Atrial Natriuretic 

Factor (ANF) by DeBold in 198 1 (DeBold et al.. 198 1 ). Specifically. in 1847, the idea 

that the heart possessed volume receptors capable of sensing the fûilness of the 

bloodstrearn was first proposed by Harthshome (Harthshome, 1847). This hypothesis 

was not given much thought till the early 1900's when John Peters made a sirnilar 

proposal that the fuilness of the blood Stream could initiate a diwtic response in the 

kidney (Peten. 1935). In 1956, the comection between the heart and kidney was made 



with the work of Henry, Gauer and Reeves, which demonmated that a balloon expansion 

of the atria in anesthetized dogs was associated with an increase in urine flow (Henry et 

al., 1956). The focus now, was what the heart contained to elicit such a diuretic 

response. With the use of electron microscopy, Kisch in 1955 described dense granules 

that were located specifically in the atria and not the ventricles of marnmalian hearts 

(Esch et al. 1955. Kisch et al, 1956). Furthemore, Kisch demonstrated that these 

granules selectively found in mammalian atria resembled other granules in tissues 

responsible for the release of polypeptide hormones (Kisch et al. 1955). The work 

performed by Kisch was elaborated upon by studies in 1976 that estabiished that the 

number of atrial granules which were present were subject to change according to fluid 

and electrolyte balance (Marie et ai., 1976). 

It is clear, therefore, that £kom 1847 to 1976, evidence was mounting to suggest 

the possible existence of a substance that was somehow secreted by the heart and went on 

to cause a physiological effect in the kidney. In 198 1, the discovery of A I F  was made 

by DeBold and his colleagues. in a set of expenments which consisted of infusing 

supematants of extracts of rat cardiac atria and ventricles into rats. It was reponed fiom 

these experiments that the atrial extracts, but not the ventricular extracts, caused a 

ciramatic natriuresis and diuresis. Specifically, it was f ond  that the infusion of the 

supematants of atrial extracts resulted in a 10-fold urine flow increase and a 30-fold 

sodium excretion increase (Debold et al., 198 1). 

Since the discovery of ANF, it has been the center of much research. Specifically, 

its natriuretic and diuretic effects have made researchers question its role in the 



regulation of pressure and volume in the body. Other research has also fwused on how 

ANF affects the cardiovascular synem both directly and through central and peripheral 

Structure, Stornge and Secretion of ANF 

A N F  consists of 28 amino acids and one disulfide bond giWig it a ring-like 

structure. (Flynn et al., 1893; Misuno et al). It is important to note that the structure of 

ANF is highly conserved which is clearly indicated by the single amino acid difference 

between the human and rat f o m  of the peptide. (Flynn et ai, 1 983; Kangawa & Mauuo., 

19û4). Biological activity of AM is dependent upon the 17 amino acid ring stmame 

formed by the disuIfide bridge between the two cysteine residues (Misano et al., 1984) 

and on the presence at the carboxy terminus of the Phe-Arg ( C h e  et al., 1984; 

Sugiyama et al., 1984) - Figure i .  I t  is further important to note that amino terminus 

residues beyond the disulfide bndge are not required for biological activity of the peptide. 

Moreover, the elongation at the amino terminus to very large sequences is associated with 

the loss of activity (Thibault et al., 1984). 

Figure 1. The human pr+ANF and hNF ANF is numberd from amino to carboxy 
teminu. Specific amino rcids in the pra-ANF and ANF sequenees are givcn by single letter code 
(ahnine==& arginine==R, asparagineo.hi, upartic acid=D, cystcine==C, glutaminclQ, glutamic acid=E, 
g I y c i n 6 ,  hïstidin~H, isoleacine=l, I t u c i n ~ l ,  tysinecK, mctbionine-M, pbytnybhnin=F, 
proline=P, serin&, thmnine=T, tryptophan=W, tyrrnine=Y, va l i a~V) .  Illrutntioa Irorn: 
Ballerman et ai, 1986, pg 620). 



AM is stored as a prohormone - Figure 1, but generally only the processed f o m  of A-NF 

is found in the plasma. A particular mechanism musc therefore, exist to convert or 

process the pro-ANF into the A M  that is circulating in the plasma. This has been the 

focus of two schools of thought. This first suggests that the M prohormone is stored 

in a secretory vesicle that also contains the enzyme responsible for i t s  processing. The 

enzyme however, is in its inactive form until the stimulus for secretion is received. The 

stimulus for secretion also serves as the activation signal for the enzyme which, in tum, 

cleaves the prohormone to secrete AM into the circulation (Glembotski et al., 1991). In 

the second proposed model, the processing enzyme is already present in its active form 

yet the processing enzyme and the AiNF prohormone reside in different granules and 

upon stimulation of secretion these granules fuse together, allowing for processing and 

the secretion of MJF into the circulation to take place (Glembotski et al., 1991). Clear 

evidence, does not exist to suppon either model and, moreover, an earlier study has 

demonstrated that cultured rat myocardial cells synthesize and secrete only pro-ANF and 

not .MW? (Glembotski et al., 1985). The results from this earlier study are countered by 

the previously stated observation that generally only the processed form of ANF is found 

in the plasma. Therefore, the specific mechanism for the release of A i  remains 

unclear. 

The stimulation for secretion of M has  been primarily documented as the 

result of atrial stretch (Edwards et al., 1988; Ledsome et al., 199 1). It has been found 

that ANF is present in basal levels in most species (Gutkowska et al., 1984b). The 

implication of such a finding is that X N F  must be synthesized and secreted continuously 



at low levels in order for basal levels to be detected. In addition to atrial stretch, the 

following represents a summary of physiological substances shown to be associated with 

the secretion of ANF: 

1. Catecholamines: norepinephrine (Glembotski et al., 199 1) and epinephnne 

(Amadieu-Farmakis et al., 1991; Sonnenberg et al.. 199 1 )  stimulate release of M. 

2. Prostaglandins: PGF2a and PGE2 (Kovacic-Milivojevic et al., 1991) also 

stimulate release of AM?. 

3. Glucocorticoids have been demonstrated to increase the expression of ANF and 

increase the quantity of the hormone contained and secreted by cells (Glembotski et al., 

1990; Garcia et al., 1985; Gardner et al., 1986). 

4. Intracellular calcium has been associated with the synthesis and secretion of A M .  

It has been demonstrated in cultures of cardiornyocytes treated with calcium blocking 

agents, ANF secretion decreased and was restored with the addition of calcium (Lapointe 

et al., 1990). 

5 .  Endothelin, a substance produced by vascular endothelial cells has been found to be 

a potent ANF secretory stimulator (Ruskoaha et al., 1991 Zimmerman et al., 1990). 

Endothelin stimulates ANF secretion by directly stimulating the expression of the ANF 

gene in cardiomyocytes. 

6 .  Platelet Activating Factor has also been demonstrated to increase AM? secretion in 

a receptor-mediated fashion (Rayner et al., 199 1 ). 

The conservation of the structure of ANF arnongst species, the presence of ANF in iow 

basal levels in most species and its secretion being associated with a number of other 



physiological substances in addition to atrial stretch, strengthens the notion of its 

homeostatic importance. 

ANF : Physiologieal Actions 

The Renal Effects of ANF 

The defining physiological effects of ANF were first deemed to be associated with 

the kidney during the discovery of the peptide in 1981. As mentioned previousiy, 

DeBold and his colleagues ciearly illustrated in their experiments that ANF can lead to 

significant natriuretic and diuretic responses (DeBold et al,. 198 1). The effects of ANF 

have been implicated in altering the specific functioning of different sections of the 

kidney. The ability of ANF to alter the hinction of the rend tubule in the areas of the 

inner meduilary collecting duct and the limbs fiom the imer medulla leads to the 

promotion of natriuretic and diuretic responses (Sonnenberg et al., 1982; Sonnenberg et 

al.. 1986; Keeler, 1983; Knepper et al., 199 1). Specifically, ANF in these sections of the 

renal tubule has the ability to activate ANF receptors causing an increase in cGMP 

(Zeidel et al., 1987; Ishikawa et al., 1985), leading to an inhibition of the amiloride- 

sensitive sodium channels (Light et al., 1989) located on the luminal surface. This results 

in a decrease in sodium reabsorption and an increase in urine production. In addition to 

this initial fmding of natriuresis and diuresis, it has been demonstrated, especidly in the 

presence of supraphysiological levels of ANF in the plasma (Bie et al., 1 988; Metzier et 

al., 1989) that ANF f i e r  causes an increase renal excretion of other specific ions in the 



body, such as potassium, calcium, magnesium and phosphorous (Bumett et al., 1984; 

Pettemon et ai., 1989). 

Furthemore, the effects of ANF on glomerular filtration rate (GFR) have also 

been investigated. It has generally been found that constant infusions of ANF cause an 

increase in GFR (Huang et al., 1985; Camargo et al., 1984; Seymour et al., 1985; Atlas et 

al., 1984; Needleman et al., 1985; Chevelier et al., 1992). This hemodynamic effect has 

been postulated to result fiom an afferent arteriole dilation and an efferent arteriole 

constriction in the kidney (Atlas et al., 1984; Camargo et al., 1984; Dunn et al., 1986). 

ANF has also been associated with a decrease in adrenal aldosterone secretion 

(Matsuoka et al., 1987) thereby allowing it to regulate sodium absorption dong the 

collecting duct of the kidney. This ability of ANF to decrease adrenal aldosterone 

secretion has been postulated to occur in two ways. Fint, ANF acts directly on the zona 

glomerulosa of the adrenal cortex to inhibit aldosterone secretion (Maack et al., 1984; 

Matsuoka et al., 1987; Knepper et al., 1991: Pettenson et al., 1989). Secondly, it has 

been suggested that ANF may inhibit renin secretion by the kidney (Maack et al., 1984; 

Atlas et al., 1986), thereby suppressing the entire renin-angiotensin-aldosterone system. 

This second suggestions has not been fûlly established and hence requires M e r  

investigation. 

The above represents a brief examination of the vast literature that comprises the 

rend effects of ANF. The focus of this study however, is the effects of ANF in the 

cardiovascular system. Accordingly, the following review of the physiological effects of 



AM in the cardiovascular system attempts to draw attention to the specific question to 

be posed. 

The Cardiovascular Efiects of ANF 

ANF intravenousiy administered into rats has been clearly shown to elicit a fa11 in 

blood pressure (Ackermann et al., 1984; Ebert et ai., 1988; Imaizumi et al., 1987; Oparil 

et al., 1991). The ANF-mediated hypotension resulting fiom a decrease in cardiac output 

is not accompanied by reflex tachycardia (Ackermann et al., 1984., Sasaki et al., 1986; 

Maack et al., 1986; Iwanaga et al., 1988; Ackermann et al., 1989). This effect was 

blocked by vagotomy (Ackemann et al., 1984., Seymour et al., 1985; I rna imi  et al., 

1987; Thoren et al., 1986; Schultz et al., 1988; Oparil et al.. 199 l), leading investigators 

to conclude that ANF afTected heart rate by activating chemosensitive vagal afferents in 

the heart. 

In addition. ANF has been implicated in the central control of the 

cardiovascular system, causing a decrease in sympathetic out flow (Schultz et al., 1990; 

Thoren et al., 1986). This decrease in sympathetic activity has been observed in skeletal 

muscle (Floras, 1990) and in the rend nerve and is thought by some to be a result of the 

activation of vagal afFerents (Thoren et ai., 1986). The proposal that some cardiovascular 

effects of ANF are initiated by chemosensitive vagal afferents was made by Ackermann 

(1984). It was investigated by Schultz (1988) and his expenments demonstrated that 

selective blocking of vagal C-fiber af5erents abolished the sympathoinhibitory affects of 



systemic ANF. These vagal afferents are known to be involved in a reflex pattern that is 

referred to as the Bezo ld-Jarisc h reflex. 

The BaoldJarisch Reflex & Sensov Receotors 

The Bezold-Jarisch Reflex is a cardiovascular reflex involving bradycardia, 

vasodilatation and a fa11 in rend sympathetic nerve activity resulting fiom the stimulation 

of cardiac or pulmonary chemosensitive receptors. 

Cardiac reflexes, of which The Bezold-Jarisch Reflex is one, originate in various 

sensory receptors. The sensory receptors responsible for the different reflexes are 

generally divided into two types: those recepton that are sensitive to mechanical stimuli 

and those receptors that are sensitive to chernical stimuli (Thoren, 1979; Oberg, 1976). 

The second type of sensory receptors, namely the chemosensitive receptors can M e r  be 

subdivided into respiratory and non-respiratory chemoreceptors (Coleridge & Coleridge, 

1979). The respiratory chemoreceptors are invoived in reflex mechanisms originating 

fiom the aortic and carotid bodies and specificdly respond to alterations in blood gases 

and pH in the bloodstrearn. The action of these receptors involves primarily respiratory 

adjustments, but does include vasoconstriction and redistribution of the reduced cardiac 

output (Coleridge & Coleridge, 1979). The second type of chemosensitive receptors, the 

non-respiratory chemoreceptors respond to chemicai substances such as alkaloids, 

capsaicin, veratrum and phenylbiguanide (Coleridge & Coleridge, 1979). These 

receptors do not respond to such substances as hydrogen ion, oxygen and carbon dioxide. 

The reflex responses to activation of these recepton include vasodilation (Goman et al., 



1984), bradycardia (Ludbrook, 1990) and a decrease in rend sympathetic nerve activity 

(Gorman et al., 1984; Evans. 1990; Ludbrook et al., 1991) - responses that are 

characteristic of The Bezold-Jarisch Reflex. The interesthg thing about this subtype of 

chernosensitive receptors is that they do not seem to play a role under normal 

physiological conditions (Thoren, 1986; Veelken et al., 1990). However, they have k e n  

repoaed to be important in pathological conditions (Higuchi et al., 1988). 

The interest in this area of research is furthered by the observation that the number 

of sensory fibers originating from the heart equals or exceeds the number from the 

arterial baroreceptors (Ludbrook, 1990). Therefore, since it is generally accepted that the 

arterial baroreceptor reflexes play a major role in the control of the circulation. it may be 

suggested that the cardiac receptor reflexes also have a significant role in cardiovascular 

control. It is well established that the afferent limb of these reflexes is compnsed of 

unmyelinated C-fibers traveling in the vagus nerve (Coleridge & Coleridge, 1979; 

Ludbrook. 1990), originating fiom receptors located throughout the heart, although 

predominantly in the ventricles (Ludbrook, 1 990). These unmyelinated fibers exhibit a 

low level irregular discharge or are silent until stimulated (Lubrook. 1990). Blockade of 

these cardiac nerves can be accomplished specifically by injection of a local anesthetic 

into the pericardial sac (Ludbrook, 1990). Once the receptors are activated, the efferent 

mechanisms are considerably more cornplex, and have been shown to be due partly to a 

withdrawal of sympathetic tone, especially in the kidney (Hintze et al., 1989; Thoren et 

ai., 1976). 



Of particular interest are the epicardial serotonin-sensitive chemoreceptors which 

mediate a sympathoinhibitory (Bezold-Jarisch) reflex via cardiac vagal afferents in 

anesthetized and conscious rats (Ludbrook, 1990). These receptors have k e n  found to be 

stimuiated with the administration of serotonin (Mohr et al., 1987; Morgen et al., 1988) 

and with serotonin receptor agonists such as phenylbiguanide (Higuchi et al., 1988; 

Fortune et al., 1983) Ieading to a decrease specifically in rend sympathetic nerve activity 

(Higuchi et at., 1988). It is important to note, that these serotonin receptors have been 

subdivided into three classes: types 1, 2 and 3 (Newberry et al., 1992) based on 

radioligand binding snidies. Moreover, phenylbiguanide has k e n  demonstrated to be a 

specific agonist for the third type of serotonin receptor which is found on the peripheral 

nerves (Martin, 1994) that distribute to the cardiac ventricles (Ireland et al., 1987; 

Veelken et al., 1990). The type three receptor is also known as the 5-Hydroxytryptamine 

type three (5-HT3) receptor. The renal sympathoinhibition resulting fiom the activation 

of these receptors suggests that they may be an important factor in the regulation of body 

fluid balance. 

ANF & Vagal Afferents: An Association 

To review, it has been established that the epicardial serotonin-sensitive 

chemorecepton mediate a sympathoinhibitory (Bezold-Jarisch) reflex via cardiac vagal 

af5erents. Our attention now tums to examining the relationship between these vagal 

afferents and ANF. Schultz and his colleagues have demonstrated that the decrease in 

rend sympathetic nerve activity which follows the administration of ANF does not occur 



when the conduction of Vagal C-fiben is blocked through cooling. Their results 

therefore, support the notion that the decrease in rend sympathetic nerve activity by ANF 

was mediated by afferent vagal C-fibers (Schultz et ai., 1988). 

ANF & The hicardial Serotonin-Sensitive Chemoreceators - 

The question that now needs to be posed is this: since Atrial Natnuretic Factor, 

exem inhibitory effects that are mediated by vagal C-fiber afferents and resemble those 

of the cardiac serotonin type 3 (5-HT3) receptors, does ANF actually stimulate 5-HT3 

receptors to subsequently activate vagal afferents? Recent experiments in our laboratory 

sought to address this question by applying ANF directly to the epicardial surface. on an 

area richly supplied with chemosensitive vagal afferents (Thoren, 1979; Ludbrook, 1 990). 

These experiments have demonstrated that the direct application of AM ont0 the 

ventricular epicardial surface did not invoke a cardiac depressor reflex (Deliva et al., 

1995). This was specifically highiighted by the failure of ANF to elicit significant 

inhibition of rend sympathetic nerve activity - the major indication of ventricular 

chemoreceptor activation. In contrast, sympathoinhibition was seen following the 

administration of phenylbiguanide to the same area, thereby confirming the viability of 

the receptors on the ventricular epicardial surface (Deliva et al., 1995). 

This study suggests two possible conclusions: 

1. Systemically elevated ANF may excite chemosensitive fibers with vagal afferents 

arising from areas away fiom the epicardium. 



2. ANF-rnediated activation of chemosensitive vagd afferents may require an 

intermediary product that is not produced within the pericardial space, but rather is 

produced afier systemic ANF injection and subsequently reaches chemosensitive 

epicardial nerve endings. 

The study described here addresses the second of these possibilities. It was 

chosen on the strength of reports that the epicardial region shows the highest 

concentration of C-fiber af5erents (Thmes et al., 1977) and Schultz's fmding (1988) that 

C-fiber afferenrs are crucially involved in the sympathoinhibitory effects of systemic 

ANF. 

The Rationate For The Studv - Part 1 

It is important to note that the differences in molecular stnicture between ANF 

and the known physiological activators of the 5-HT3 receptors, serotonin (Veelken et al; 

1 990). prostaglandins (Roberts et al., 1 980; Ustinova et al.. 1 994), bradykinin (Kauhan 

et al., 1980) and phenylbigunide (Coleridge & Coleridge, 1980; Forturne et al., 1983; 

Higuchi et al., 1988), make it highly unlikely that ANF itself would act as a ligand for 

the 5-HT3 receptor. In light of this and reports of a possible linkage between ANF and 

prostaglandins (Manuno et al., 1995; Davidge et al., 1995; Foreman et al., 1989; 

Bassenge et al., l988), we tested the hypothesis that prostaglandins are the intemediary 

product produced upon the intravenous injection of ANF. 



Prostaelandins 

Prostaglandins are a family of 20-carbon unsaturated lipid acids containing a 5- 

membered ring. They are fomed nom polyunsaturated fatty acids, specificaily fiom the 

so called essential fatty acids. Prostaglandins are among the most active natural 

substances known (Weeks, 1 974; Brody et al., 1974). 

The Cyclooxygenase Pathway 

The cyclooxygenase pathway represents a major pathway responsible for the 

production of prostaglandins in the body. The specific prostaglandins produced by this 

pathway include: PGE,. PGI, and PGF?,; their synthesis requires arachidonic acid as the 

free precursor (Schror. 1 985). As soon as free arachidonic acid is available, it is rapidly 

converted by the cyclooxygenase pathway into oxygenated products which eventually 

Iead to the production of the PGE-,. PGI, and PGF, (Schror, 1985) - Figure 2. 

Depending on where PGE2, PG12 and PGF2, are produced, their physiological 

actions may differ (Weeks, 1974). Furthermore. it is also possible that the same type of 

prostaglandin may have different physiological actions in different tissues in the body 

(Weeks, 1974). The bais  of di is  sîudy is the proposal that prostaglandins, in general, act 

as the intermediary compound that is produced after the intravenous injection of ANF. 

We did not attempt to identiQ the specific prostaglandin that may be involved. It was, 

however, required that a specific prostaglandin be chosen to serve as an indicator of 

cyclooxygenase pathway function. For this purpose, PGE, was selected partly because of 



the ease of its measurement in the heart and kidney and panly because of its 

antihypertensive properties. 

Sites of Prostaglandin Production 

Prostaglandùis do not exin  in fiee fonn in tissues in appreciable amounts, but 

ratber are biosynthesized and released in response to various stimuli (Weeks, 1974; 

Brody et al.. 1 974). Prostaglandins are rapidly rnedmlized and. therefore, they are not 

hormones in the classical sense- but rather may serve as "local hormones" acting either in 

the tissue of their formation or on nearby tissues (Weeks, 1974). With this in rnind, sites 

of prostaglandin production are as nurnerous as the sites where prostaglandins elicit their 

physiological actions. including: the hem. kidney, lunes, brain utenis and brain 

(Curtis-Prior, 1988). 

Biological Stimuli for the Production of Prostaglandins 

Curtis-Prior and his colleapues have reviewed the b i o l o ~  and chernistry of 

prostaglandins and related eicosanoids (Cutis-Prior. 1988). They show that the 

stimulation of pronaglandin synthesis and release is associateci with a variety of stimuli 

including sympathe tic and parasympathetic activi ty , an increase in innavascular 

pressure as in the case of the volume expansion with blood or plasma, formation of 

platelets and the release of platelet derived factors. Synthesis and release of 

prostaglandins can also be enhanced by the presence of other eicosanoids (Cunis-Prior. 

1988). 



Lipoxygenase 

Lipase (PLC, PLAI) 
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I - Peroxidase J l +  

Figure 2. Cyclooxygenase pathway. PG: Prostagiandin, PGES: Prostaglandin H 
Synthase, PL: Phospholipase and NO: Nitric Oxidc 



Increase in coronary blood flow is another stimulus that has been suggested to 

increase levels of prostaglandins synthesized through the cyclooxygenase pathway 

(Bassenge et al., 1988; Wennmalm et al., 1990; Hecker et al., 1993; Altman et al., 1994). 

It has also been established that increases in blood flow c m  lead to increased production 

of nitric oxide (Hecker et al., 1993). An increase in nitric oxide production has been 

dernonstrated to stimulate prostaglandin synthesis, specifically through activating 

Prostaglandin H Synthase - an intermediary enzyme required in the cyclooxygenase 

pathway that eventually leads to the production of PGb,  PGI, and PGF,, (Davidge et 

al., 1995). It is important to note, however, that when the blood flow-dependent increase 

in nitnc oxide is inhibited, the blood flow-dependent increase of prostaglandins still 

occurs (Hecker et ai., 1993). This suggests the possibilities that an increase in blood flow 

causes an increase in prostaglandin synthesis through an intermediary step of nitric oxide 

production or an increase in blood flow can increase prostaglandin synthesis through the 

cyciooxyenase pathway directly or through some other mechanism that has yet to be 

elucidated. 

Physiologieal Actions of Prostaglandins 

Although the various prostaglandins are similar in structure, their actions may 

differ both quantitatively and qualitatively (Weeks, 1974; Brody et al.. 1974). The 

broad range of physiological actions of prostaglandins includes induction of labor and 



abortion, inhibition of gastric secretion, vasodilatation, diuresis, bronchiodilatation 

(Weeks, 1974). Prostaglandins also have the ability to modulate the autonornic nervous 

system (Brody et al., 1974). Evidence fiom various studies has also suggested that 

prostaglandins synthesized through the cyclooxygenase pathway have the ability to excite 

cardiac vagai endings and subsequently activate the Bezold-Jarisch cardiac depressor 

reflex (Ustinova et al., 1994; Roberts et al., 1980). 

The Rationale Of The Studv - Part II 

To review the development of the rationaie thus f a :  Recent experiments have 

illustrated the inability of ANF to elicit activation of vagal afEerents when applied directly 

to chemosensitive receptors located on the ventricular epicardial surface (Deliva et al., 

1995). However, systemic injections of ANF in the same set of experiments did result in 

the sympathoinhibition that is characteristic of the activation of ventricular 

chemosensitive receptors (Deliva et al., 1995). 

A possible interpretation of these experiments is that the activation of 

chemosensitive vagal af5erents by ANF requires an intermediary compound that is found 

or synthesized in the systemic circulation, but is not found or synthesized in the 

pericardial space. This study proposes that the intermediary substance is the 

prostaglandins. 

PGE, is known for itç antihypertensive properties. It is proposed that this 

intermediary compound is not produced within the pericardial space but is, in fact, 

produced after a systemic injection of ANF - see Figure 3 for proposed mechanism of 



i 

ANF secretion due to applied 
stretch to the atrial wall. 

Through the production of nitric oxide 
or increased blood flow, ANF activates 
the following prostaglandin synthesis. 

Activation of lipase(s) to hydrolyze 
Arachidonic Acid from cellular lipids 

and phospholipids. 

1 Free Arachidonic Acid ( 

Lipoxygenase 
Pathway 

PGE, activates 5-HT3 receptors which are associated 
with vagal afferents predominantiy resulting in Sympathohhibition. 

This effect p r imdy  results in decreased renal sympathetic nerve 
activity, decreased heart rate and decreased arterial blood pressure. 

Figure 3. Proposed mechanism of the role of pr tagladins in the ANF mediated 
activation of vagal afferents. PG: Prostagladins. d : Cycloarygcnnse Pathway. 



action. A possible link between ANF and Prostaglandins has been demonstrated 

specifically in two ways. First. ANF through an intermediary step of Nitric Oxide 

production, has led to increased prostaglandin synthesis (Marumo et al., 1995; Davidge et 

al., 1995). Secondly, evidence has show that ANF has the ability to increase coronary 

blood flow (Foreman et al., 1989). Corresponding to such increases in blood flow, 

prostaglandin synthesis has been demonstrated to increase (Bassenge et al., 1988; 

Wennmalm et al.. 1990; Hecker et al.. 1993; Aitrnan et al., 1994). 

The role of Indomethacin 

The role of indomethacin was central to this study, for it inhibits the 

cyclooxygenase pathway (Curtis-Prior. 1988). This pathway is responsible for the 

production of prostaglandins @GE2), postulated in this project to serve as an intermediary 

compound used by ANF in the activation of vagal afferents. Therefore, by inhibiting 

PGE, synthesis using indomethacin it is postulated that a subsequent injection of ANF 

will not result in the vagally mediated cardiac depressor reflex. 



The Blocking of the cyclooxygenase pathway prevents cardiovascuiar and renal 

sympath oinh ibitory e ffects of A trial Natriureiic Factor (ANF). 



Methods & Materials 

Animals 

Male Sprague-Dawley rats (Charles River, St. Laurent, Quebec) were used in al1 

experiments in this study. Animals were housed at 23°C and 40% humidity as pairs in 

cages in a room with a 12 hr light-dark cycle. They had free access to water and food up 

to the day of the experiment. Rat weights ranged from 250g to 350g. 

Surgical Preparation 

Once the animals were anesthetized using Sodium Pentobarbital (Somnitol) at a 

dose of 6OmgKg i.p., the following surgical procedures were perfomed while 

maintaining a body temperature of 37°C to 38OC by extemal warming. 

Cunnulations: Rats undenvent a tracheostomy with polyethylene (PE-360) tubing heated 

and pulled to an appropriate diameter. Cannulation of the right femoral artery with FE-50 

was performed for the purpose of monitoring Asterial Blood Pressure. Cannulation of the 

lefi extemal jugula vein (PE-90) was perfomed for the purpose of administering bolus 

injections of ANF, Saline, Nitroprusside or Indornethacin, depending on the protocol 

being performed. The lefi femoral vein (PE-50) was cannulated for the purpose of 

maintaining a constant infusion of Indomethacin or Saline depending on the protocol 

being performed. Cannulation of the right fernoral vein (PE-50) was performed to deliver 

a constant infusion of the anesthetic methohexital (800 pg/Kg.min) once the ef5ects of 

sodium pentobarbital began to diminish. 



This lsolurion of the Renal Nerve: The rat was placed on its side and the lefi rend nerve 

was approached by flank incision. The lefi kidney was placed in a kidney cup to reduce 

mechanical disturbances and a branch of the rend nerve was located near the origin of the 

rend artery. This created a small pool in the area, which was filled with p d m  oil so 

that the entire nerve was bathed. The tissue around the nerve was carefully cleared away 

with a g l a s  rod and the nerve was gently placed on a thin bipolar platinum electrode for 

the purpose of monitoring rend sympathetic nerve activity. 

Sinourotic Denervation /SAD): A sinoaortic denervation procedure was perfonned for al1 

the groups in this study to eliminate confounding baroreceptor reflex efTects. The Kneger 

and Marseillan (1963) sinoaortic denervation method was used. In brief, the neck was 

opened to expose the bifurcation of the carotid artery. The carotid sinus nerves and 

glossopharyngeal and superior laryngeal nerves were isolated and tied bilaterally. The 

recurrent laryngeal nerves were located ninning on either side of the trachea and were 

also tied. The aortic depressor nerve was isolated as a thin strand of nerve ninning dong 

the carotid artery with the vagus and cervical sympathetic tnink on one side and was tied 

near its junction with the superior laryngeal nerves. In addition, the cervical sympathetic 

trunk was also tied. A sinoaortic denervation was deemed successfûl if the heart rate did 

not increase by more than 15-20 beats per minute in response to a 20 to 40 mm Hg fa11 in 

blood pressure, induced by an intravenous injection of 0.3 pg/mL of nitroprusside. 



Recording Parameters of Interest 

Artenal Blood Pressure was recorded by a Sensormedics #4-327-1 blood pressure 

transducer attached to a saline-filled catheter in the femoral artery. The amplified 

transducer signals were fed into a data collection and analysis system (BioPac Systems, 

Goleta, California: model MP100WS) for display, recording and subsequent analysis. 

Heart rate was caiculated by the data acquisition system from the artenal blood pressure 

signal. 

Once the rend nerve was placed on the bipolar electrode, the electrode signal was 

amplified (Grass, model P l  5D AC Preamplifier; set to a 30 Hz lower cut-off, a 1,000 Hz 

upper eut-off and an amplification of 1,000), displayed on an oscilloscope and fed 

through a moving time average circuit consisting of a full wave rectifier and a low pass 

filter whose time constant was set to 100 ms. The output fiom the low-pass filter was fed 

into the BioPac data collection and analysis system. 

Upon completion of every experiment the nerve was crushed cephalad to the 

recording site and the average electrical activity was recorded fiom the nerve. This was 

taken as the electrical "background" and was subtracted from al1 nerve activity previously 

recorded during that experiment. 



ladometbacin Solution Prepantion 

Indomethacin was used to inhibit the synthesis of prostaglanduis rhrough the 

cyclooxygenase pathway. The vehicle used to dissolve the indomethacin at the proper 

concentration was sodium carbonate (0.1 M solution). Once this indomethacin solution 

was made, the pH was checked. If the solution proved to be basic, a small addition of 

HCl was made to adjust and produce a solution of normal body fluid pH. 

The stock solution of indomethacin was prepared at a concentration of 1 mg/mL. It is 

important to note. that the amount of indomethacin solution that was constantly infused 

was different in each animal and was detennined by the weight (indomethacin constant 

infusion does: 100 pg/Kg.min). The stock solution of lmg/mL therefore restricted the 

maximum volume of indornethacin infused to under 1 mL. 

Analytical Methods - PGEz Radioimmunoassay Work 

A radioimmunoassay was performed in order to venfy that the indomethacin dose 

inhibited the cyclooxygenase pathway. 

Prior to the commencement of assay work, orgdtissue samples were collected. 

The animals were separateci into two groups: 1. Rats which received a constant infusion 

of saline at 0.03 mL/min and 2. Rats which received a constant infusion of indomethacin 

at 100 pg/Kg.min. The effectiveness of indomethacin as a blocker of prostaglandin 

synthesis in these animals was delivered by cornparison with a saline-infused control 



group because the assay was perfomed in organhissue samples, rather than in blood 

samples. 

Al1 infusions took place for 20 minutes. Once the infusions were completed, the 

kidney and heart were removed from the animal, washed in cold buffer solution 

containing indomethacin (100 pg/mL) to minirnize artifactual production of P G b  and 

were fiozen in liquid nitrogen. Organftissue samples were weighed and al1 vials 

containing tissues collected for the purpose of assay work were clearly labeled and stored 

at -70°C. 

PGE, Radioimmunoassay (RIA) & The Bio-Rad Protein Assay 

The concentration of PGE2 in hem and kidney tissues was determined using a 

PGEz [ 3 ~ ]  assay system. The PGEz radioimmunoassay (RIA) is based on the 

cornpetition of labeled and unlabelled PGE, for bindhg to a limited quantity of 

antibodies specific for PGE2. The principle is that, as the concentration of unlabeled 

(cold) PGE2 increases, it displaces the binding of labeled (hot) or radioactive PGE2 from 

the antibodies. By measuring the amount of 3 ~ - ~ ~ ~ z  binding as a function of 

concentration of unlabelled PGE2, a standard c w e  is constructed fiom which the 

concentration of PGE2 in unknown samples can be determined. 

Tissue samples homogenized by the procedure shown in Figure 4 and the RIA 

was carried out in RIA buffer according to the following protocol. Duplicate tissue 

samples of 100 pL (hem or kidney) , 100 pL of antibody in a final dilution of 1 :4000 

and 100 pL of Tritium-PGE2 tracer (Amershan) were incubated for 24 h o m  at 4°C. 



: Prrpared tissue meart and kidney) fiom isoI&on and 
' * . - ~ * . ~ ~  - homogeniPd - 

. * .  . - .  
. - in absoIute ethanot (5 mL for each tissue sample). - 

Figure 4. Hornogenization and extraction procedures leading to the 
radioimmunoassay work 

At the end of the incubation time. 500 pL of alkaline charcoal was added to each sample 

and they were then incubated for 10 minutes on ice. Samples were then spun for 10 

minutes at 2500 rpm at a temperature of 4T. Supematants were carefully removed and 

placed in scintillation vials dong with 4 mL of liquid scintillation cocktail (Scintisafe). 

Vials were shaken and incubated on ice for 45 minutes before counting took place in a 

beta counter. 



A Bio-Rad Protein Assay (Bio-Rad laboratories) was also performed in order to 

allow us to express our PGE, radioimmunoasssy results in picogram per milligram of 

protein. The Bio-Rad Assay, based on the method of Bradford (Bradford, 1976), is a 

simple and accurate procedure for determinhg concentmion of solubilized protein. It 

involved the addition of an acidic dye to a protein solution and subsequent measurement 

at 595 m with a spectrophotometer. Cornparsion to a standard curve provided relative 

measurements of protein concentrations. 

Experimental Design & Protocols 

Once surgery was completed, the main experimental protocols were performed 

afrer a one hour stabilization penod. To summarize. the following physiological 

parameters were monitored: Rend Sympathetic N e ~ e  Activity (RSNA), Heart Rate (HR 

in beats per minute) and Arteriaf Blood Pressure (ABP in rnmHg). The rats were 

randomly assigned ro one of five experimental groups. 

Bockwuund and Test Injecriornt In order to test our hypthesis, it was required that drug 

administrations be separated into two different categories. A background was needed for 

the purpose of  maintaining a desired plasma level of either indornethacin or saline 

depending on the protocol k i n g  performed. The background was established in two 

phases: An intravenous bolus injection of either saline or indomethacin to initially 

establish desired plasma levels followed by a constant infusion of saline or indomethacin 



to maintain desired plasma levels. Once the background was established and maintained, 

the different group protocols were performed involving different test injections. 

Group # I :  Saline background (saline i.v. injection of 0.2 mL of saline + constant saline 

infusion at 0.03 m l h i n )  followed by a 0.2 mL saline i.v. test injection. Please refer to 

Figure 5 for a detailed protocol set up. 

gr ou^ #Zr Saline background (saline i.v. injection of 0.2 mL of saline + constant saline 

-ion at 0.03 ml/min) followed by a 400 ng ANF test injection administered in a 100 

PL bolus. Please refer to Figure 6 for a detailed protocol set up. Grour, #3: Saline 

background (saline i.v. injection of 0.2 rd of saline + constant saline infusion at 0.03 

ml/min) followed by a 0.3 pg/mL Nitroprusside test injection administered in a 0.1 mL 

bolus. PIease refer to Figure 7 for a detailed protocol set up. gr ou^ MrIndomethacin 

background (SmglKg adrninistered in a 0.1 mL bolus + constant infusion at 100 

vg/Kg/min) followed by a 0.2 mL Saline i-v. test injection. Please refer to Figure 8 for a 

detailed protocol set up. Group #j: Indomethacin background (5rnglKg administered in a 

0.1 mL bolus + constant infusion at 100 pg/Kg/min) followed by a 400 ng ANF test 

injection administered in a 100 pL bolus.. Please refer to Figure 9 for a detailed protocol 

set up. 

These experimentaî groupings allowed the following comparisons: 

1 .  Saline background + Saline test Vs Saline background + ANF test: To 

differentiate the effects of i.v. ANF fiom the effects of i.v. saline. 

2. Saline background + Nitroprusside test Vs Saline background + ANF test: To 



PROTOCOL FOR CROUP 1 

60 MIN STABIL1ZATION 20 MIN 15MIN 
b 

W 
O TOTAL TIME ELAPSED: 

Salinebolus Saline CRUSHNERVE 
t test TO DETERMM 

Constant Saline BACKGROUND 
Infusion NOISE. 

I 

O MIN 

I I I 

60 MIN 80 MIN 95 MIN 

Group # I : lntravenous injection of 0.2 mL of Saline + constant saline infusion at 0.03 rnUmin followed by 0.2 mL saline 
i.v. test injection. 

Figure 5. Enperimental Protocol for Group #1 
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Group #3 0.2 mL isotonic saline delivered as a bolus 
Constant Saline infusion rate: 0.03 mL/min 
Jntravenous injection of Nitroprusside: dose: 0.3 pg/mL , administered O. ImL i.v. bolus + O. ImL saline flush. 

Figure 7. Experimeotal Protocol for Group #3 





PROTOCOL FOR CROUP 5 
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Group #5: Intravenous injection o f  Indomethacin: 5rnglKg administered in a 0.1 mL bolus + constant infusion at 100 pg/Kg.min 
followed by intravenous injection of ANF: dose: 4 ng/& administered 100 pL bolus + 100 PL saline flush. 

Figure 9. Experimental Protocol for group #5 



differentiate direct effects that are due to ANF and not a result of the decrease in 

arterial blood pressure that normally follows the i.v. ANF. 

Saline background + Nitroprusside test Vs Saline background + Saline test: 

The heart rate / arterial blood pressure behavior was compared between these groups 

as a means of testing the success of sinoaortic denervation. 

Saline background + Saline test Vs Indomethacin background + Saline test: TO 

describe the effects of Indomethach on baseline parameters. 

Saline background + ANF test Vs Indometbacin background + ANF test: TO 

differentiate between the effects of ANF on relevant physiological parameters and 

ANF when prostaglandin synthesis is inhibited. 

Dnigs 

Rat Atrial Nairiuretic Factor (rANF) was obtained from Peninsula Labs Inc. 

(Belmont, Californi4 94002-401; Cat. No.: 9103). Nitroprusside was purchased from 

Sigma Chemical Company, Inc. (St. Louis. Missoui? Cat. No.: 1-7378). Indomethacin 

was obtained from Sigma Chemical Company, Inc. (St. Louis, Missouri, Cat. No.: S- 

050 i ) .  

Sumrnarv of Doses: 

Intravenous injection of ANF: dose 4 ng/pL, administered as a 100 PL i.v. bolus 

followed by saline flush. 

Intravenous injection of Nitroprusside: dose 0.3 pg/mL, administered in a 0.1 mL 

bolus followed by saline flush. 



Intravenous injection of Indomethacin: dose 5 mgKg administered in a 0.1 rnL bolus 

followed by saline flush. 

Constant infision of Indomethacin: dose 100 pg/Kg/min. 

Please note, that isotonic saline was used to prepare al1 i.v. bolus injections with the 

exception of Indomethacin. 0.1 M solution of Sodium Carbonate was used to prepare 

both the constant infusion and bolus i-v. administrations of Indomethacin. 

Anesthetic: 

Anesthesia has long been known to affect physiological systems (Price, 1960; Cox et al., 

1980). Animals were anesthetized by a combination of anesthetics in an attempt to 

minimize the effects of anesthesia. Once surgical anesthesia, accomplished with Sodium 

Pentobarbital (60 mglKg) receded, the animais were switched to a constant infusion of 

Methohexital (800 & K g m i n )  - an ultra short lasting barbiturate which has been reported 

to yield superior results in rend nerve recordings (Veelken et al., 1990; Veelken et al., 

1993). 

Data Analysis 

Al1 data anaiysis was performed on results pertinent to the test injection in each 

group. To that end, the measured parameters were summarized into 20 second pre- 

injection periods, 60 second peak responses (30 seconds on each side of the peak 

response) and 20 second recovery periods. For data analysis, a one way ANOVA 

followed post hoc by a Bonferroni corrected t-test was used to perfonn the above- 



mentioned group comparisons. Within group comparisons were statistically tested using 

a paired t- test. 

One way ANOVA assumptions of nomally distributed values and equd variances 

among groups were tested using Kolmogorov-Smirnow test for normdity and the Levene 

Median test for equal variance. Rend nerve activity was expressed as a percent change 

fiom baseline due to the limitations of comparing values of multi-fiber rend nerve 

activity between animals. 

With respect to radioimmunoassay work. a t-test was performed to determine if 

prostaglandin synthesis was significantly inhibited using indomethacin in cornparison to 

the levels seen in the control saline groups. 

Al1 data are expressed as mean + S.E.M and statistical signifieance was defmed 

as P< 0.05. 



Indomethacin & Prostaglandin Synthesis 

One of the first necessary steps to be completed in this study was the performance 

of the PGE, radioimmunoassay to confirm the ability of indomethacin to effectively 

inhibit PGEz synthesis in the cyclooxygenase pathway. Afier using the proper isolation 

and homogenization techniques to isolate the organ/tissue samples. the PGE, 

radioimmunoassay was perfonned and it was found that the indomethacin doses used in 

this study led to significant decreases in PGEz synthesis both in the heart and in the 

kidney. Specifically in the kidney, PGE2 synthesis was inhibited by 83% (Figure 10) and 

in the heart, PGE2 synthesis was inhibited by 62% (Figure 11). Once the effectiveness of 

the indomethacin doses selected for this study was confirmed, d l  protocols that 

concemed the use of indomethacin were perfomed. 

Initial Differences in Groups 

Prior to exarnining the results of the specific groups in this study, it is important 

to establish if there were any significant initial differences between the groups with 

respect to Heart Rate (HR) and Arierial Blood Pressure (ABP). When al1 five groups 

were compared with respect to their initial HR and ABP values prior to the 

commencement of their respective protocols, no significant differences were found both 

for HR (Figure 12 ) and ABP (Figure 13 ). 



Figure 10. PG& synthesis in the kidney following indomethacin treatment is 
signincant- inhibiteci (* P4.05 versas saline tmatment) when compared to PG& 
spthesis in the kidney followiag a saiine treatment Values are repnsented as 
mean + S.E.31. (indo = indomethacin) 



- 
, Hean - Saline mtusion - 
L . Heart - lndo infusion 

Figure 11. PGEz synthesis in the heart following an indomethacin treatment is 
signincantly inhibited (* PeO.05 versus saline treatment) when compared to PG& 
synthesis in the heart following a saline treatment. Values are npresented as mean 
t S.E.iM. (indo = indomethacin) 



F i i r e  12. Initial hart rate @IR) values of .Il five groups of thY shidy prior ta the 
commencement of their respective protocoh. Note, there is no si@cant dinerence 
among the groupa. Values repnsented u mean f S . E X  (NP = nitroprusside, 
Indo = indomethacia) 



i-7 Saline i-v + Saline infusion 
[-1 Saline i.v. + lndo infusion 
t7 NP i.v. + Saline infusion 
1- ANF i.v. + Saline infusion 
t l  ANF i-v. + lndo infusion 

Figare 13. Initial merial blood pressure (ABP) vdua  of di 6ve group of this 
study prior to the commencement of their respective protocois. Note, there is no 
signifiant dinerence among the groupa Valua repruented as m a n  f S S M .  
(NP = nitroprusside, Indo = indomeâhacin) 



Group Protocols 

gr ou^ #i /n=6): As expected, the test injection of saline in the presence of saline 

background did not result in any significant changes in the pararneters of interest, 

namely heart rate (A= 3.0 1 + 1.72 bpm), arterial blood pressure (A= -0.1 8 + 0.8 1 mm Hg) 

and renal syrnpathetic nerve activity (A= -1.36 & 1.06 percent change). 

Grow #2 ln=61: An intravenous ANF test injection in the presence of saline 

background resulted in a significant decrease in renal sympathetic nerve activity and 

arterial blood pressure which was not accompanied by any reflex tachycardia (Figure 14). 

The obsewed changes in the-parameters of interest were as follows in this group: ABP 

(A= -1 7.50 f 1.26 mm Hg), RSNA (A= -1  1.2 + 2.04 percent change) and HR (A= -3.15 f 

1 -86 bpm). 

Group #3 ln=6): An intravenous nitroprusside test injection in the presence of saline 

background (Figure 15) resulted in an expected significant decrease in arterial blood 

pressure (A= -2 1.5 k 2.52 mm Hg). while not significantly affecting rend syrnpathetic 

nerve activity (A= 4.67 f 3.48 percent) and heart rate (A= 1.30 f 1.65 bpm). 

Group #I ln=6): nie  intravenous saline test injection in the presence of background 

indomethacin did not result in a significant change in the parameters of interest (Figure 

16). Specifically, heart rate changed 6.59 f 6.44 bprn, arterial blood pressure increased 

by 0.78 f 1.46 mm Hg and the percent change in rend sympathetic nerve activity was 

1 .O9 +, 1.52. 

Grouo #5 h=6): The intravenous test injection of ANF in the presence of background 

indomethacin led to significant changes in al1 three pararneters of interest (Figure 17). 











Heart rate changed significantly with a decrease of -9.40 k 1.22 bpm. Artenai blood 

pressure fell substantially : -23.75 + 2.79 mm Hg dong with a significant decrease in rend 

sympathetic rend nerve activity: - 13.4 1 f 1.12 percent. 

Croup Cornparisons 

As mentioned previously, in order to ask specific questions in the study, the 

foIlowing group cornparisons were set up and statistically tested: 

1. Saline background + Saline tesr Vs Saline buckground + ANF test: This 

cornparison was made to differentiate the effects of ANF from the effects of 

intravenously injecting a bolus of saline. It was f o n d  that when comparing these two 

groups, significant differences resulted in two of the three parameten of concem. A 

significant decrease in arterial blood pressure and in rend sympathetic nerve activity was 

observed, while no significant differences occuned between the two groups in heart rate 

(Figure 18). 

2. Saline background + Nitroprusside tesr Vs Saline background + ANF test: This 

cornparison was important in order to demonstrate the differences in renai sympathetic 

nerve effects which are due to ANF administration and not as a result of a simple 

decrease in ABP which is caused by nitroprusside. No significant differences existed in 

the decrease in arteriai blood pressure that was caused by both ANF and Nitroprusside. In 

addition, hem rate values recorded for the two groups did not significantly differ. As 

expected however, when percent change in renai sympathetic nerve recordings were 

compared, a significant difference was present (Figure 19), hence demonstrating the 







different physiological effects of ANF as compared to nitroprusside with respect to rend 

sympathetic activity . 

3. Saline backgruund Nitroprusside test Vs Saline background + Soline test: The 

purpose of this comparison was to test if the sinoaortic denervations performed in the 

experiments were successful. As expected, the intravenous aciministration of 

nitroprusside led to a significant decrease in arterial blood pressure compared to a saline 

i.v. administration. The significant decrease in ABP however, did not result in a 

significant increase in hem rate when comparing the nvo groups thereby confirming the 

efficacy of the sinoaortic denervazions that were performed. Moreover, no significant 

changes were observed in rend sympathetic activity between the w o  groups (Figure 20). 

4. Saline background Saline tesr Vs Indornethacin background + Saline test: 'lhe 

focus of this comparison was to determine the effects of indomethacin on baseline 

parameters. It was noted, that for al1 three parameters of interest: arterial blood pressure. 

hem rate and rend sympathetic nerve activity: (Figures 21). no significant changes were 

observed when comparing the effects of a saline infusion versus an indomerhacin 

inhion .  

5. Saline background + AXF test Ys lndomethocin background i ANF lesr: This 

cornparison specificdly tmed the hypothesis that was proposed for this snidy. To 

review, the effects of AM: in the presence of a saline infusion are king cornpared to the 

effects of ANF in the presence of an indomethacin infusion. The radioimmunoassay 

work performed in this study estabiished that the hdomethacin administration 

significantly inhibited prostaglandin synthesis via the cyclooxygenase pathway both in 







the kidney and the heart (Figures 10-1 1). This cornparison is, therefore, an attempt to 

detennine the effects of ANF on artenal blood pressure, heart rate and rend sympathetic 

nerve activity when prostaglandin synthesis is king significantiy inhibited. 

It was observed that inhibition of prostaglandin synthesis did not significantly 

affect the effect of i.v. AM on artenal blood pressure, rend sympathetic nerve activity, 

or heart rate (Figure 22). From this study, it is therefore mggested that prostaglandins 

synthesized from the cyclooxygenase pathway do not play a major role in ANP-rnediated 

activation of chernosensitive vagal afferents. 





An Overview 

The experiments performed in this study investigated the possible involvement of 

prostaglandins in the ANF-mediated activation of chemosensitive cardiac vagal afTerents. 

It has been repeatedly postulated that ANF exerts its depressor effects via activation of 

cardiac chemosensitive receptors (Ackermann et al., 1984; Thoren et al., 1986; Imaizumi 

et al., 1 987; Schultz et al. 1 990). When injected intravenously, ANF causes a decrease in 

blood pressure (Ackermann et ai., 1984; Ebert et al., 1985, Seymour et al., 1985; 

Needleman et al., 1985; Maack et al., 1984; Geliai et al.. 1986; Schultz et al., 1986: 

Thoren et ai., 1986; I m a i m i  et al., 1987; Allen & Gellai; 1987; Ferrari et al., 1990; 

Oparil et al., 199 1) and renal sympathetic nerve activity (Thoren et al., 1986; Imaizumi et 

al., 1987; Schultz et al.. 1988). The faii in blood pressure is not accornpanied by a reflex 

tachycardia (Ackermann et al., 1984; Sasaki et al., 1986; Maack & Neinart; 1986. 

Waeber et al.. 1986; Yashioka et al.' 1997: Iwanaga et al., 1988; Ackermann et ai., 1989). 

The cardiodepressor response is abdished by vagotomy (Ackermann et ai ., 1 984; 

Seymour et al., 1985; Imàizurni et al., 1987; Thoren et al., 1986; Schultz et al., 1988; 

Opad et al., 1991) but not by atropine (Ackermann et al., Seymour et al., 1985; Imaizumi 

et al., 1987) and is therefore presurned to be an afferent vagal effect. 

Further studies have investigated the effects of direct application of ANF ont0 

cardiac chemosensitive receptors. In other words, these experiments examined the 

possibility of ANF having the ability to directly stimulate cardiac chemosensitive 

receptors to evoke a cardiac depressor reflex. It was found that intrapericardial 



application of AM? did not exert any significant change in arterial blood pressure or 

renal sympathetic nerve activity (Deliva et al., 1995). Therefore. these results suggested 

that ANF does not invoke the cardiac depressor reflex by directly activating these 

cardiac chemosensitive receptors. The intravenous administration of ANF in this study, 

however, still resulted in the cardiac depressor reflex (Deliva et al., 1995) leading to the 

hypothesis of the possible involvement of an intermediate compound being required to 

mediate the activation of these chemosensitive vagal afferents by AM. 

Prostaglandins were postulated to be the intermediary compound involved in the 

ANF-mediated activation of vagal afferents. The rationale behind Our selection of 

prostaglandins as possible intermediary compounds has been cleariy outlined in the 

introduction. Using Indomethacin, a compound that inhibits the synthesis of 

prostaglandins through the cyclooxygenase pathway, we tested the possible involvement 

of prostaglandins, while injecting ANF intravenously. If prostaglandins were a required 

intermediary, in the ANF mediated activation of cardiac vagal afferents, then we would 

have expected an attenuation in the cardiac depressor reflex invoked by intravenously 

injected ANF in the presence of indomethacin when comparing this to an intravenous 

administration of ANF in the presence of saline in which prostaglandin synthesis seems 

to be unaltered. The ability of indomethacin to inhibit the synthesis of prostaglandins 

through the cyclooxygenase pathway was confirmed with the use of a radioimmunoassay 

(Figures 10 & 1 1). Our experirnents in this study demonstrate that both intravenously 

injected ANF in the presence of indomethacin and intravenously injected ANF in the 

presence of saline caused similar decreases in arterial blood pressure, renal sympathetic 



nerve activity and heart rate (Figure 22). Our results therefore suggest that prostaglandins 

synthesized From the cyclooxygenase pathway do not play a major role in ANF-mediated 

activation of chemosensitive vagal afferents. 

Mode1 Validity & Possible Sources of Error 

When examining the vaiidity of the mode1 and possible sources of error in this 

study, seven specific areas need to be examined, namely: verification of renal 

sympathetic nerve activity recording, renal nerve isolation and its efTect on recording, 

biological effectiveness of the peptide. condition of the rats post-surgery, anesthesia, 

cyclooxygenase isozymes and the activation of the chemosensitive vagal afferents. Each 

will be discussed in turn. 

Verification of Renal Svmpa~hetic Nerve Acr iv i~  

Two particular observations made in our prelirninary expenments suggest that the 

electrical activity recorded in our expenrnents was indeed renal sympathetic nerve 

activity. First, at the end of each experimenr we could easily observe the cessation of 

impulses (spikes) on the oscilloscope trace by cniçhing the nerve. The subsequent trace 

of nerve activity produced by the BIOPAC acquisition system was attenuated to levels 

representing baseline noise. This observation suggested that nervous activity was being 

recorded. Secondly, our success in recording renal sympathetic nerve activity was 

suggested by the results observed in preliminary expenments in which phenylbiguanide 

(PBG) was administered to randomly selected animais. The administration of this 5-HT3 

receptor agonist caused a decrease in nerve activity in our preliminary experiments which 



was similar to that suggested by othen to be associated with renal sympathetic responses 

to phenylbigunide (Thoren et al., 1976; Higuchi et al., 1988; Veelken et al., 1990; 

Veelken et al., 1993). These two observations together, therefore, allow us to propose 

that renal sympathetic nerve activity was in fact k i n g  recorded in this study. 

Rend Nerve Isolation and ifs Efect on Recordinns 

It is important to note that the method and proficiency of isolating the renal nerve, 

as described in our methodology section, directly af5ected renal sympathetic nerve 

recordings. It was found that when the rend nerve was covered in large amounts of fat, 

the isolation procedures required more time and handling of the nerve. This additional 

handling of the nerve, in tum, had critical effects on renal sympathetic nerve activity. It 

was found that, when the rend nerve isolation required additional handling due to large 

amounts of fat deposits, renal nerve activity was compromised from the outset of the 

experirnental protocol. Consequently, any decreases in renal sympathetic nerve activity 

that would be a result of procedures performed in the particular protocol would not reflect 

the change accurately. In such cases, once the protocol was completed, the amount of 

additional handling required to isolate the renal nerve and the level of renal nerve activity 

recorded after the one hour recovery/controi and prior to the commencement of the 

protocoi, were examined. If it was found that there was an unusually large amount of 

handling required to isolate the rend nerve and the initial renal nerve activity recorded 

after the one h o u  recovery/control penod, was unusually low, compared to other renal 

nerve isolations and initial renal sympathetic nerve recordings, then the data acquired 

fiom these protocols were not used. 



Bioloaical Effectiveness o f  the Pe~ t ide  

Intravenous administrations of ANF in preliminary experiments were performed 

in randomly selected animais to demonstrate biological activity of the peptide. ANF 

caused the characteristic decrease in blood pressure and renal sympathetic nerve activity 

in the absence of reflex tachycardia as descnbed by others (Thoren et al., 1986; Schultz et 

al., 1990). The biological activity of the peptide was, therefore, c o d m e d .  

Rats: oost-surgery condition 

Once surgical procedures were completed, each animal was given a one h o u  

recove~/control penod in which its condition was closely monitored. If an animal 

experienced respiratory difflculties that couid not be alleviated or exhibited an 

unsolicited. unrecoverable lowenng of blood pressure, the expenmental procedure to be 

performed on that animal was terminated. 

A nesrheric 

Anesthesia has long been known to affect physiological systems (Price, 1960; 

Cox et al.. 1980). The animais in our expenments were anesthetized initially using 

Sodium Pentobarbital and then were switched to a constant infusion of Methohexital. The 

combination of the two anesthetics was then utilized in this study to minimize the effects 

of anesthesia. It is important to note that, Veeiken and his colleagues observed the rend 

syrnpathoinhibitory reflexes triggered by cardiac vagal afferents in both conscious and 

anesthetized rats (Veelken et al., 1990) and reported supenor results in renal nerve 

recordings with the use Methohexital (Veelken et al., 1990; Veelken et al., 1993). 

Moreover, in a study performed by Thoren and his colleges exarnining the activation of 



vagal depressor reflexes widi AM. it was observed that the activation of afTerents was 

comparable in conscious and anesthetized rats (Thoren et al., 1986). 

There are two cyclooxygeanse isozymes cailed COX-1 and COX-2. COX-1 is a 

constitutive enzyme whose expression appean to be regulated developmentally, whereas, 

COX-2 is an inducible enzyme that is norxnally absent fiom cells but is expressed 

transiently in response to growth factors, tumor promoters and cytokines (Smith et al., 

1996). Studies have shown that COX-2 is present in detectable arnounts approximately 30 

minutes after stimulation of its foxmation (Wu. 1996). Our study was concemed with 

acute ANF effects during an interval no longer than 3 minutes after ANF injection. Only 

COX- 1 is likely to be of importance during this t h e  frame. Indomethacin is known to be 

a blocker of COX-1 (We. 1996). Therefore, we believe that the relevant prostaglandin 

synthesis was blocked in our experiments. 

The Activation of Chernosensi[ive Vaml Aferenrs 

While the mechanism for chemosensitive activation via 5-HT3 recepton has been 

descnbed (Veelken et ai., 1993), the detaiis of activation via prostaglandins are not yet 

known. At least two possibilities exist. however. Fint, the presence of increased Ievels 

of PGEz could have modulated the activation of 5-HT3 recepton present on the 

chemosensitive vagal nerve endings (Scherer et al., 1993). In addition, a PGE? receptor 

known as the EP3 receptor has been identified in the heart (Breyer et al, 1994). EP3 

recepton are thought to be associated with central and autonornic nerves (Watson & 

Arkinstall. 1994). An association between prostaglandin recepton and pnmary sensory 



afEerents has k e n  s h o w  in the brain (Matsumura et ai., 1995). Further research may 

lead to evidence that EP3 receptors or another subtype of prostaglandin recepton rnay be 

associated with sensory nerve endings in the heart. This therefore, may represent a 

second avenue for chemosensitive vagal activation in which, increased levels of PGE2 

may directly go to stimulate their own receptoa which may be located dong the 

chemosensitive vagal nerve endings. It must be noted that, even though promglandin 

synthesis in the heart was inhibited significantly (Figure 1 l), the residual level of PGEz 

synthesis could have activated prostaglandin recepton. if they are present on the 

chemosensitive vagai afferents and lead to their subsequent activation. 

The ConcIusion & Future Considerations 

Our results suggest that intravenous Atriai Natriuretic Factor (AM) does not 

invoke depressor reflex via the production of prostaglandins. 

Although we found no evidence that prostaglandins are required as an 

intemediar). for the ANF-mediated activation of chemosensitive vagal afferents. this 

does not d e  out the possibility that perhaps another compound which c m  activate these 

chemosensitive vagai afFerents, serves this function. For a compound to be considered as 

a possible intermediary. it must fûlfill three important critena. F i a  it needs to have the 

ability to stimulate chemosensitive vagal afferents. Second, it cannot be produced in the 

pericardial space. 'Ihird, it should be produced afier a synemic ANF injection and 

subsequentiy reach chemosensitive epicardial nerve endings, presumably from nearby 

myocytes. 



The possibility also exists that an intexmediary is not required at al1 and that 

ANF may excite chemosensitive fiben with vagal afferents arising from areas away from 

the epicardium. Such fibers do arise fiom the atria and adjoùiing great vessels (Coleridge 

& Coleridge, 1980), the alveolar wails and the aortic arch (Coleridge et al., 1973; 

Coleridge et al., 1984), though not nearly in the sarne number that mise from the 

ventricular epicardium çniames et ai., 1977). 

The need to perform additional studies is important not only to elucidate the 

mechanisrn by which ANF activates chemosensitive vagal afferents but to M e r  

promote a better understanding of the role of serotonin receptors in cardiovascular 

control. 
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