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ABSTRACT

Cardiomyocytes of vertebrates combine contractile and endocrme finchons. Hiey
synthesize und secrele atrial natriuretic peptide (ANP). which is localized in spectfic
granules. In the present study, the ultrastructural features and the inrnunoistochemi-
cal localization of ANP-producing cells in the different regions of the rabbit’s heart in-
cluding both aina and ventricles was investigated. Most of the cardiocyies within the
nght atrial myocardium had a well-developed endocrine secretory apparatiis romposed
af scarce rER, promninent Golgi and a considerable number of electron-dense ANI-
imnuwwror eactive granules within their cytoplasm. Therefore. mosi of the right airial car-
diocyles were considered 10 be ANP-producing cells. In comparison (o the right atrial
ANP-producing cells. the secrelory aclivity of left atrial ANP-producing cells was not
pronounced and the cells were classified as indennediate ceadocrune Wype. Three cell
1ypes were identified within the walls of both veulricles namely working. intermediale
ANP-producing and conduction cells. No myoendocrine cells were identificd within the
left ventricular myocardium. The ventricular conduction cells showwed a well-developed
endocrine secretory apparatus with a considerable number of ANP-immunioreactive
clectron-dense granules within their cyloplasnt. These findings demonstrate that in ihe
rabbit’s heart ANP-producing cells are present in the atrial and nght sentricular walls

and that the rabbit heart, similar to that of verlebrales. is a bifunclional organ.

INTRODUCTION

Cardiomyocyles of vertebrales combine contraclile and endocrine funciions (Forssmann,
1998; Bystrova et al,, 2002). These myoendocrine cells synthesize and secrete atrial naiviuretic
peptice (ANDP), which is localized in their specific granules, The ANP has a well pronounced nat-

rivrctie, diurclic, and vasodilating aclivity (DeBold et al., 1981; Rinne et al., 1986).
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In previous studies, we had demonstrated the presence of ANP-producing cells in the hearts
of camels (Marel, 1994), tilapia (Marel and Osman, 1996}, Chiicken (Marxei, 1996) .nd ral (Ma-
rel, 2002). Other studles have confirmed Lthe presence ol these cells in Lhe heart of several mam-
malian and submammalian species (Forssmann et al., 1983; Ackermann et al., 1984; Rinne
et al., 1986; Mifune et al.,, 1991a, b,c; Mifune et al., 1992; Cerra and Gattuso, 1995; Rich-
ter et al., 1998; Bystrova et al., 2002).

In most vertebrates, ANP-immunoreactive cells were generally present in the alrial walls ex-
cept lor the sinoatrial node (Forssmann et al,, 1983; Rinne et al.. 1986). Iln the ventrieular
walls, they were distdbuted in the Impulse conducting system, parlicularly the left bundle
branch. Purkinje (ibers on the lelt side of the interventricular septum, and those in the chodre
tendinde in Lhe left ventricle, while they were sporadically seen in the atrioventricular node and
bundle of [lis (Back et al., 1986; Toshimerl, et al., 1987; Toshimori et al,, 1988 a,b). !t the
discased human hearts, the positivity of ANDP-conlaining cells tncreased signilicantly in conduoe-
tion systems and in ventricular muscles (Moehlzuki et al., 1991). The inercased regional pro-
ducliont ol ANP within the ventrieular myoeardlum is Induced by inercased mechanical streteh ol
the cardiac myocyles, and this might eoniribute 1o the increascd release ol ANI' in myacardial
inlarction {Larsen and Saetersdal, 1993). Human ventricular muscle cells have retained (he ge-
netic abilily to lorm specific ANP-containing granules in certain clinical disorders (Lee and Lee,
1990). ANP is present in the ventricular impulsc-conducting system of the hunrarn heart. and
ANP is also present in the working veniricular cardiocytes in paticnts with dilated cardiomyopa-
thy (DCM) as well as in human loetuses (Jougasaki et al.,, 1989). Alrial natritiretic peplide re-
ccptors are localized on ventricular myocytes but not in the conduction sysiem (Hansson et al.,
1997).

At the morphological level. few studics have been devoted to demonstrating the presence of
ANP-producing ecells in the hcart of rabbits. Morcover, the distribution of these cells within (he
diflerent compartments of the rabbit s heart is as yet unknown. Thercfore, the present study was
conducied primarily to give morphological evidence ahout the presence or absence ol AND-
producing cells in the rabbit's hearl. A second objective was (v sludy their distrhsation within
the dillerent regions of the rabbits heart. Such goals are crucial for completion ol our
comprchensive survey concerning cenfirmation of the presence and studying the distribution
pattern of ANP-producing cells (n the heart of different animal species.  Confirming (he presence
of myoendocrine cclls in the heart of dillerent animal specics is crucial lor contiriing {he ANP
hormone thecory and will help ta highlight the expected therapeulic use of ANP as a promising
new candidate [or controlling many diseasc conditions such as hypertension and congeslive

heart failurec.
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MATERIAL AND METHODS

The prescnt study was conducled using ten hearts collected Irom apparently healthy white
New Zealand rabbits that were obtalned from a local farm, We followed the Guiding Principles for
the Care and Use of Anitnals as set up by the Unlversity ol Mansoura according (o the principles
of the Declaratton of Helsinki and Its revisions (1964, 1975, 1983),

Alter scarifying, specimens were exelsed (rom the different compartments of the hearts includ-
ing right atrium, right ventricle, left atrinm and lelt ventricle. They were lixed in 2.5 % glutaral-
dehyde in 0.1M sodium cocodylate, pH 7.3 for 12 hs at rooin temnperature. After rinsing in {he
samc buller, the tissues werc post [ixed in 1 % bullered osmium tetroxide for 2 hs at 4°C. Alter a
second rinse in 0.1M cacodylate bulfer, they were dehydrated in a graded cthianal sceties and
clcared i propylenc oxide, infiltrated in three stages of and cimbedded in Epou 812, Semithin
secUions ol lissues were cut from cach sample, stained with 1% azure and methvlene blue (1)
and examined by light microscopy for orientation study. Ultrathin scetions were obtained using
a diamond knife. mounted onto Formvar-coated 200-mesh copper grids and double stained witli

urany! ucctate anc lead citrate and observed with an JIZOI, 100c cleclron microscope.
Immunoelectron Microscopy

Specimens were lixed in a mixture ol 2% paraforinaldchyde and 1% glutaraldelvde in 0. 1M
sodium cacodylate, pH 7.4 for 6 hrs. They werc dehydrated in graded cthanol withiout pasi-
fixation in osmium tetroxide, and embedded in L.R. white resin (London Resin Conpany., Basing-
stoke. UK]. Ullrathin golden or silver sections [BO nm thick) were cat on an ilivatome and picled
up on uncoated 200-mesh nickel grids. Following 4 short rinse in distilled waicr. they were incuo-
bated in 10% heat inaclivated normal goat serum (Sigma, St. Louis, MO) in Tris Luiler pll 7.4
at 259C for 30 ininutes for blocking the non-specific binding. They werc then incubated in a hu-
mid chamber with goat anti-a huian ANP (position 1-28 amino acid residues) antibocy (Sigma.
St. Louis, MOJ: diluted 1:100 in 0.01 M phosphate bulfer, pIt 7.4, containing 0.15 M NaCl. 0.3%
BSA. 0.1% Triton X 100. 0.001 M EDTA and 0. 1% sodium azide for 16 hours al 25°C. Aller rins-
ing in lhe same difution buller, the grids were incubated in rat anti-goal 1gG {10 nm pold-
conjugate) (BioCell Research Laboratories) diluted to 1:50 in the same dilution medium as for
the primary antibady. The Incubation of the gold-labeled antibody lasted [or 1.0 hour at 250C.
Sections were then washed. first with the sanic dilution buffer and then with distdled water. Al-
ter drying, they were stained with a low concentration of uranyvl acelate (0.5 %) for 30 seconds.

and wilh lead citrate, for 5 minules.

Controls :

Controls lor immunostaining Included processing tissuc as above, but the printry anliserum
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was pre-absorbed by prior ineubation (24 1ir) with synthelic ANP [Sigma. St. Lanig, MO.), Sub
stitution of the primary antiserum with normal goat serum and omission of the secondary anti-

hody, were also used as controls,

RESULTS

Right atrium :

Ultrastruclural examination of the right atrial myocardiecytes revealed the presence of well-
developed contractile and sceretory clements within the majority ol the cells. Thus. (he nght ain-
al myocardial layer seemed o be composed entirely of myocenducrine cells. ‘The right atlrial
myocndocrine cells were clongated with ovoid cuchromatic nuclei with a chstinet nucleolus ind
periphcral heterochromatin (Flg. 1). The major part of the cytoplasm was occupicd by a large
amount ol strialed contractilc myolibrils ([Fig. 1). A considerable amount ol honrogercous non-
fibritar sarcoplasm was encountcred especially in the pcrinuclear {(Fig. 2). subsarcolemmal and
interfitirdor regions (Fig. 1. 2).

The most distinctive ultrastructural feature of thie myoendaocrine cells cytoplasm was the
presence of a well-developed endocrine seerctory apparalus composed of lew lubules of rlER,
prominent Golgi saccules (Fig. Si and a conslderable number of progranules and mature clec-
tron-dense granules (Lig. 3). Well-developed Golgi saceules were cvident in nst cells, located
within Lhe perinuclear areas {Fig. 3). In addition to the scarce vER tubules and {he Golgi sac
cules, a considerable number of progranules and clectron-dense granules were observed in (e
perinuclear sarcoplam (Fig. ). 2. 3). The electron-dense granules were sphictical and membrane-
bound with an average diameter of 120 nm. Thelr electron densc honogenous conlents were
separated from their outer limiting membranes by a (hin rim ol cleetran-lueent maltertals (Fis. 1,
2, 3). The average number of eleetron-dense granules within the perinucicar eytoplasm ranged
between 30-40. however in many cases these eleetron-dense granules were cncountered also
both wilhin the interfibrillar (Fig. 4) and subsarcolemmal sarcoplasm (Fig. 5, 6). [n comparison
to the electron-dense granules, the progranules were smaller, mnembrane-bound, and [heir linely
granulated matrlx usually displayed a modcrate electron density (Fig. 3). In many occasions. Lhc
progranules wcre observed Lo be localed very close to or Inside the saccules of Golgi apparatus
{Fig. 3). As in the ordinary cardiac muscle cells, a consideralle number of ovuid and clangated
mitochandria were observed In thc different cytoplasmic regions including Lhe perinuclear (I7g.
1, 2), interfibrillar and subsarcolemmal (Fig. 5, 6) regions. Well-developed T tubules were en-
countered in most of the examined myoendocrine cclls and in some cases a constderable number

of elcetron-dense granules were located In close proximity (o them [Fig. 6. 7).
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Left atrium :

Based on (heir ultrastructural peeuliarities three types of myocardiocyles were recogmged
within the left atrial myocardium: myoendocrine eells, working eells, and intermcdiale endocrine
cells. The left atrial myoendoerine eells were similar to those of the right atriunt [I'ig. 8). The cy-
toplasm of the working cells was entirely occupied by closely packed myofibrils wilh a great re-
duction in the amount of non-librillar cyloplasm especlally within the perinuclear, subsarcolem-
mal {Fig. 8) and Interfibrillar arcas. In comparison to the myoendoerinc cells. the seerctory
apparatus was lll-developed with a very scarce rER tubules that were dillicult 1o discern in most
cells. a small Golgi and an entire absencc of electron-dense granulcs and progranules. The inter-
mcedlate endocrine cclls sharcd common ultrastructural fcatures between the myoendocrine and
working cells. 1n eomparison to the myoendocrine cell. intermediate endoerine cells had an ill-
developed endocrine secretory apparatus composed primarily ol scarce rER (ubules and small
Golgi (hal were primarily encountered within the perinuclear arca. There was o preal reduetion
in the number of eleetron-dense granules with an average number ol 2 - 3 granules that were
mainly located within the perinucelear areas (Fig. 91, Insinuation of the clectron-dense granules
within (he interfibrillar or subsarcolemmal regions was not secn in anv ol the examined cells
(Fig. 9).

Right ventricle :

Threc ccll types werc identilicd within the right ventrieular myocardium: working, myoendo-
crine, and conduction cells. The working cells constituted the greal majorily of the cells tormms
the right ventricular myocardium. Their ultrastructural fcatures were sinular (o those previausly
described in the right atrial miyocardium. The right ventricular myvoendocrine rells were to
greal extent similar to the myoendocrine cells of left atrium. They were envountered imomly as
sporadic endocrine cells randomly distributed throughout the dilferent myocardial regions. In
coparison to the working cells, the cells had a recognizable endocrine secretory apparatus lo-
cated mainly within the perinuclear areas, and composed of onc or two rER tubules. small Golg
saccules il from 4-5 clectron-dense dgranules. The third cell type that was idenhhed witliin the
tnyocardiutn of the right ventricle was the conduetion cells. The major part of their cytoplasm
was filled with non-contractile non-fibrillar elements with very few myslibrils concentrated main-
ly in the peripheral cytoplasmiic areas (Fig. 10. 11). An interesting ultrastruclure feature of (hese
cells was the presence of a comparalively well-developed endocrine scerefory apparalus similar
Lo those previously described for the typical myoendocrine and intermediate endocrine cells. The
cndocrine sceretory apparatus of the conduction cells was composed primarily of sparse rER lu-
bules, prominent Golgi saccules and an average of 10-15 elcctron-dense granules and progra-

nules that were mostly observed within the perinuclear cytoplasiu (Fig. 10, 11).
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Left ventricle :

Two cell types were Identified within the lelt verdricular myocardium: working and conduction
cclls. The working cells constituted the great majority of the cells forming iclt ventricular mvo-
cardium. The ultrastructural leatures ol left ventricniur working and conduction vells were simi-
lar to those previously described in the right veniricular myocardium. No myoendocrine cells

were identifled among the myocardiocytes forming the left ventricular myocardaim.

Treating sections with anti-a human ANP showed ANP immunoreactivity, as homogenous dis-
tribution of colloidal gold particles within the grantle matrices ol mature secrclory granules of
Loth atria (Fig. 12) and in the right ventricular conductton and myoendocrine cells, Very weak

ANP immunoreactivity was encountered within the progranules.

DISCUSSION

In the present study. most of the right atrial myocardiocytes were considercd 1o be myocrilo-
crine cclls. The endocrine secretory apparatus ol the vighl atrial myocndocrine cells was com-
posed of scarce rER tubules, prominent Golgi and a considcrable number of membrane-bound
progranules and electron-dense granulcs. In most mammallan specics, the greatest number ol
myoendoerine cells are found in the atria (Back et al., 1986; Reinceke et al.,, 1989; Fors-
smann et al., 1998; Marei, 1994; Maref, 2002). In rabDbit. the atrial lissuc levels ol ANP peak
near birth (Thompson et al., 1988). Aoki et al. (1988) reporicd that all atrial cells conlam the
genetic information to produce hormonal peptides. Seul et al. (1992) sugpested that the right
atrium is a predominant sile in ANP secretion in rats. Mifune et al. (1991a) in mousc. ral and
Mongolian gerbil demonstraled that ANP immunoreaclivily was detected in the atria of all three
species, and the most intensely reacting cardiocytes were localized in the right auricular part ol
the atrium. Richter et al. (1998) in equines identified auricular eardiocyles as the loci of AND
synthesis and suggested that equine ANP is produced in auricular cardiocytes and the predomi-

nant storage form of ANP in the auricle Is the prohormone ANP-1-126.

The structure ol the endocrine secretory apparatus in the rabbit's right atrial myoendoerine
cclls that was demonstrated in the present investigation correlated well with thosc previously de-
scribed (or the myocndocrine cclls In several anitnal specics (Toshimori et al.,, 1988a,b; Mifune
et al., 1991a,b,c; Marel, 1994; Marei, 1996; Marcl and Osman, 1996). The morphological lea-
tures of the progranules and the cleciron-dense granules that were demonstrated in the present
study were to a great extent similar to the ANP-containing granules that have previsusly heen
demonstrated in the myoendocrine cells of many mammalian and submanualian species

(Rippegathr et al., 1987; Forssman et al., 1988: Herbst et al., 1988; Agnoletti ct al., 1989;
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Forssmann et al., 1998; Marel, 1994;: Marei, 1996; Marel and Osman, 1996: Marel, 2002).
In addltion, trcating sections with anti-a human ANP showed ANP immunoreactivily as homoge-
nous distribution of colloidal gold particles within the granule matrices ol malure scerelory gran-
ules. The close morphological resemblance of these granules to the ANP-containing granules as
well as (he positive reactivity with ant)-a huinan ANP might lead us to sugges( that these elec-
tron-dense granules contain a hormonal peptlde of the same ANP family. In this respect, Toshi-
mori et al, (1988a,b) reported that in the atrial cardiocytes the electron-dense granules were re-
vcaled to be storage sites of the peptide. The electron-dense material. thaught 1o be the peplide.
was [ound in the sarcoplasmic reticulum and Golgl saccules. In thie present invesligalion, AND-
immunorcactive clectron-dense granules were located in very close proximily to Lhe Golgi sac-
cules; mmorcover many progranules were Identifled as localed within 1he Golgi saceules. These ob-
servations mighi indicate an active role of the Golgi saccules in cardiac hormone syntliesis as

was previonsly supgested by Toshimorl et al. (1991).

Wilhin the myocardium of the rabbit's lefl airium, three lypes of myocardioeyles were recog -
nized. namely ANP-producing myoenducrine ccells. working cells, and intermediate myoendoerine
cells. The left atrial myoendaocrine cells were similar Lo those of the right attium and were reros-
nized mainly by Lheir well-devcloped endocrine secrctary apparatus. In comparison (o (he ANDP-
producing myocndocrine cell, intermediale myoendocrine cclls had an fll-developed endocrine se-
cretory apparatus and small numbers of clectron-dense granules located mainly within lh:t- peri-
nuclear sarcoplasm. Whether the lelt atiial inlermediate endocrine cells represent a distinetive
cell type or (hey are a variant ol typical myoendocrine cells thal ave subjeeted to cotdition of de-
creased hormonal synthesis and production is slill a maller of speculations. Aokl et al. (1988)
demonstrated thal the functienal heterogencity among (he amphibian myocendocrine cells: the
small nuniher of scerclory granules seen during sumnier can be inlerpreted as the resull ol ac-
celeratecd synihesis and intracellular processing of hormonal peplides, by-passing the packing
step in the Golgi complex. This suggestion might further explain the ill-developrd nature of the
Golgi complex thal was demanstratec In the present study. Iowever, Marel (1994). bascd on ihe
preseuce of ansll-developed endocrine secretory apparalus in Lhe intermediale endoerine celis.
did not suppor! the hypolhesis concerning the acecleraled synthesis and cellular processing and
he suggested that thesc cells represent either inhibited myoendocrine cells or (hey arce genetical-
ly prograinmed to produce less hormone. The present lindings concerning (he presence of fewer
myaocndocrine cells in the lelt atrial myocardium as compared to (he right atrial ones were in ac-
cord with those of Gutkowska and Nemer [1889) and Brand and Jockusch (1987) who demon-

strated that the lefi atrial cells were Jound {o store less ANP than ihe right alrial ones.

Three cell lypes were identified within the righl ventricular myocardium: working, ANP-
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produeing myoendocrine. and conduction cells. The right ventricular myvendocrine cells were
encountered mainly as sporadic endocrine celts randomly disiributed throughout the different
myocardial regions. They were ta a great extent similar to intermediate endocrine cells of the lelt
atrium witit au average of 4-5 electron-dense granules mainly within the perinuclear sarco-
plasm. Sinec¢ the discovery of the endocrine nature of the hearl by Kisch (1956). the exisience of
myoendocriite eells among the ventricular eardiocytes has been the subjeet of many debates.
Scveral investigators have asseried thal some of the ventricular cardiocyles possess an endo-
crine potentiality and they serve as an important source of ANP hormones. This view coald be
appreciated by referring to the work of Leak and Burke, 1964; Zivin et al., 1984; Nemer et al,
1986; Bloeh et al., 1986; Gardner et 8l., 1986: Wel et al., 1987: Thibault et al., 1989: Albi-
no-Teixeira et al., 1990; Marel, 1994: Klinger et al., 2001). [n contrast to the resulfs present-
ed here. other investligators claimed that the ANP-producing myoendocrine cells were located
ouly in the afrial wall (Mckenzie et al., 1985; Moringa et al., 1985; Saper et al., 1985; Can-
tin et al.,1991). The increased expression of the ANP gene m right ventricles wus repoded in
volume loaded and spontancously hypertensive rats (Lattlon et al, 1986: Takayanagi et al.,
1987). The vight ventricle may beeome a major source for ANP synthesis and release during hy-
pertension. and may play important roles in cardiae endoerine pathology and cardiac hypertro-
phy {Gu et al., 1988). This suggests that the potential to produec ANP is activiated Ly sowme
siimuli such as wall strcich and high salt diet. Gu and McGrath (1990) sugges( that human
ventricular cardiocytes in and around ancurysm can convert fo producce large amounts ol [he en-
docrine pcptide ANP. This ventricular endocrine converslon was localized and was probably
causcd Ly physieal over-stretch ol the cardiocyics. Relnecke et al. [198S5) reported that AND-
myocndocring cells In the heart of mammals, birds and reptiles were westricted ta the atrin. while
In lower vertebrate classes such cells occur in considerable number in the ventricle as well.
Thus. therc scem o be a physiological trend toward the concentration of cardiac bormone pro-
ducing cells in the atria with increasing complexity of the cardiovascular sysicin. Back et al.,
(1986) suggested that the ventricular imnyoendocrine celis might represent a phylogenctic rear-
nant rather than having a particular phystological role. In rat and golden bamstier. AND-
immunorcactive granules first appear in the myocardial slecve of the cmbryonic heart tube cur-
ing thc looping stages and the density of granules in ventricular myocyics decrcases during fur-
ther stages of felal and neonatal development (Navaratnam et al., 1989). Gu et al. (1989) «ug
gested that the extent of ventricular ANP synthesis and rclease arc regulated by intraventricular
pressure, and the occurrence of ANP in overloaded ventricles may be a transienl. immediatcly ve-
versible phcnomienon.

In the present study, a well-developed endocrine secretory apparaius similar (o [hose tor the
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typical myoendocrine and inlermediate endocrine cells was ldentified in most ol the examined
ventricular conduction cclls. These obscrvatlons might suggest that ventricular conduction cells
arc also involved in synthesis and secretion of horinone that might be related (o the same cardi-
ac hormonc of ANP (anily. The present results disagrecd with those ol Melax and Leeson (1970)
who stated thal in ral conduction cells, no speeific secrctory granules such as those in atrial
myoendocrine eells were detected. However, our findings were in hanmony with those of Back et
al., 1986; Forssmann et al.,1986; Gobel et al., 1986; Gardner et el., 1986; Thompson et al.,
1988; Thoshimari et al., 1987; Thoshimori et al,, 1988a,b; Matei, 1994. [n (lic ral. the en-
tire intraven(ricutar conductjon system is constituted of cndocrine cells producing AN (Cantin
et al., 1989). Thc exact rolc of cardiac hormone produced Dy ventricular and conduction cclls is
still uncertaio. [ has been suggested that the ventricular conduction cells may only be involved
in local cndocrine regulation and the amount of eardiac hormone produced by these cells com-

parcd to it ol alrial appendages is negligible (Gobel et al., 1989).

In the present study, no myeendocrine cclls were identified among the cardiacytes forming
the myocardlum of 1eft venlricles. A siinilar conclusion was previously reporied in the heart of
camcls (Marel, 1994). The cntire absence of ANP secrctory activity within the left ventricular
myocardiocyles scermed to be logical as the great pumplng forces nceded from thie felt ventricular

myocartdiiocy(cs leave no room [or other (unctional attributes.
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Figure 1: Electron micvograph ol right atrium myoendocrine cells of vabbil showing nucleus (n).
tmyolibrills {y). non-libriller perinuclear sarcoplasni (s). mitochondcia (1) and clectron-

dense granules (e) X 13000.
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Flgure 2 : Right atrial myocndocrine cells of rabbit showing mucleus (n), non-Libmlier permnnele-
ar sarcoplasm (s), mitochondria {u). myo(ibrills (y] and clectron-dense granules (¢) X
17000.
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Figure 3 : llighier magnilication ol right atrial myocndacrine cells ol rabbit showing :cwell devel-
oped Galgi (L) with clectron-dense granules (¢) a:d progranules (p). Note also aiito-
chondria [ut X 36000.

Figure 4 : Right alrial myocndocrine cells of rabbit showing (he presence of electron-dense fran-

ules (¢} In the interfibeiller regions X IRDOO.
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Flgure § : Righl alrial myoendocrine cells of rabbit showing the presence of eleciran-dense gran-

ules (e) in the subsarcolemmal regions X 17000.

Figure 6 : Right atrial myoendocrine cells of rabhit showing the presence of a well-developed T-
tubules (t) and the presence of electron-dense granules (e) in the subsaccolemmal re-
gion X 17000.
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Flgure 7 : Jhgher magmtication o ligure b showmy a well-developed ‘I-tubule (17 and s close

proximuy to the clectron-dense granules (¢) X 28000.

Figure B : Lell alrium of rabbil showing the presence of working cell fw) and typical mynendocrine
cell im) with a considevable nnmber of clectron-dense granules (e) in the subsarcolen-

nial sarcoplasm X 17000.
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Figure 9 : Lefl atnal intermediate myoendocrine cclls of vabbit showing nuclens (0] o Tew elee

fron-dense granules (¢) within the perinoclear arcas X 13000.

Figure 10 : General view of right ventricular conduction cell (vl of rabbit X 8000.
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Figure 11: [licher magnification (o fig 10 showing evidence of secretory achivily {or concuction
cell. Nole cccenlric nueleus (n). lew myohbrils {y) and electrmi-dense granules (¢} X

1 3000.

Figure 12 : Represenlalive ullrastructural mamunochislochemical labeling of the stovage ol ANI? i
the electron dense granules of (he right atnal myeendocrine cells. Note the posttive
AND reaclivily as indicated by the presence ol o considerable aumber of gold pattickes

wiithirn the granule matnx X 72000.
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