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ABSTRACT 

Cardiol1l!)oc!)tcs oJ vcrLcbraLes combinc contractile and eltdocrrlll' I[(rJrllorr. ... r/W!I 

!;!jnlltesize and secrclc a(rial natriuretic peptide (ANP). wllich is 10cn/lZcrl ill Spl '('Uk 

yrw1Ule~. II[ lite present studU. the ullrastnLCluralJeatures and Ille irlllrlwlo/II.<;/lIdll'lni· 

cal localization of ANP-prooucing cells in the dWen~nl regions oJ lhe fa bbi" s III'0rt ill

cluding 001/1 alna (lnd vent rides UJa.."> illvestigated. Most oJ tlte carciloC!}I(',<' Il'i"llli IIIL' 

rtH1t1 a/rial "'9(}(:(Irdium had a weI/-developed cndocrine secrelor~J apparal liS ('(l/J Ipos('d 

qf scarce rER, pro/Tlinent Golgi and a considerable Jlumber qf e/eclroll-dcll.'iC /\NTJ

illlll[llrtOlcactillt:' grallUles withirt their cytoplasm. 11 lCreJore. most oJ the li9ftt (lllial car

dio(1)les were considered io be ANP-produdng cells. In comparison to /11(' rifJ It I nlrin/ 

IINP-prodttcing cells. lite secrelor~J acliviLu oj lefi a/rial ANP-producirtfj cells W(lS 110/ 

pronounccd and [he celts were class(lied as interrnedia(c cllciocru Ie t UPI'. Tim '(' cdl 

IlJpe.<; were idL'ntijied within /he wall.<; of bollll'enirides Ilamdu 1L'0rldl1[j. ill/cnncri.in/c 

IINP-prodlLcLng and conducl_LOIl cells. No lll!)oclldocrine cell.<; (LINe iden/ijterl LPi/hin I/le 

If~/i ven/licular myocardium. The venllicular conduction cells showed a ux_'Il-d(,L'l'/opcd 

cltrlocrine secrelor!) apparaills wtLh a considcmble number of ANP-illllllllllOreaclil.'e 

declrem-dense SJlwutles withill Iheir cytoplw;m. Tllesc./indillgs demons/mil.' Owl ill She 

rublJit's heart IINP-prooucing cells are prcst'ltl ill Ihe alrial and li.l1hr w-'TI/ricular walls 

Cl/ttl IIta/ Ole rabbit hcar/, similar Lo thai oJ L'erlebrales, is a bijimcliorwl omalt. 

INTRODUCTION 

I 

eLi rdlolllyocyt cs of vertebrates combine eonlractile LInd endocrine I'll ncl inns (Forssmann. 

1998; Bystrova et aI,. 2002), Tbese myoendocrine cells synthesize and sec("f'tf' atria 1 nat riurf'tic 

pf'ptldc (AN 1'), which is localized in lbeil" speci fie granules. The ANI' has a well pronoullced Ilat

riurctlt" diuretic. and vasodllaUng acli\'ily (DeBold et al .. 1981; Rinne et at.. 1986). 
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In previous studies. we had demonstrated the presence of ANP·producing ('l'lls in tlw Iwads 

of camds (Maret. 1994). tilapia (Marei And Osman, 1996). Chicken (Maret. 1996) Llml rat (Ma· 

rei. 2002). Other studIes have confirmcd the presence of these cclls in lhc hcart 01' sever;)l mam

malian and subm3mmalian species (Forlismann et al .• 1983; Ackermann et a1.. 1984; Rinne 

et aI .• 1986; Mlfune et aI., 19918. b,c; Mifune et al., 1992; Cerra and Gattuso. 1995: Rich· 

ter et a1.. 1998; Bysuova et aI., 2002). 

In mosl vertebrates. ANP-immunoreaetlve cells were generally present in thl' atria! w.1lls ex

cept for thc sinoatrial node (Forlismann et al.. 1983; Rinne et a1.. 1986). III I he veil! rtculLlr 

walls. they were distributed 1n the Impulse conducting system. part ielilarl.y till' left IJllll(!1c 

branch. Purkinje fibcrs on the left side of the Intelventrlcuiar septum. and those in the d)Odre 

tcndinde in [he leit ventricle. while they were sporadically sC{,i\ in llll' all'iov~'IlII'i['uldl' Ilode and 

bundle of Ills (Back et al .• 1986; Toshimorl. et al .• 1987; Toshimori et a1.. 1988 a,b). III I he 

diseased human hearts. the positivity of ANP-contai ning cells lll{'l"ea~('d si~niJki1l I II." i 1\ ('OIHIII("

\Ion systems and in ventrieular muscles (Mochlzuki ct aI., 1091). Tile inen'ilsed n?L!.[onal pro

duclion Ill' ANI' wtthln the vcntrieular myoeardlum is Induced by inerea.sed loechallical SITelch or 
the cardiac myocylcs, and thts might eonlrlbute t.o the increasc(1 release 01 ANI' in myocardia! 

infarction (Larsen and Saetersdal, 1993). Humdn vcntricular muscle cells have retaincd thl' )!.e

netic abIlity to form speCific ANP-containln~ granules in certa.in dinical disorders (Lee and Lee. 

1990). ANP is present in the ventricular hnpulsc-conductlng system of the human hearl. and 

ANP is LlI~o present in the working ven1ricLlIar cardioeytcs in p"licl1ts with dil .. \I('(] Ci.m\iolllyop,l

I hy (OeM) as well as in human Joetuses (Jougasaki et aI .• 1989). All'ial na 1 riur('[ it· ]lcptl{\e \"('

ccptors are localized on venlricular myoC'ytes but not in the conduction sY5tem (Hansson et a1.. 

1997). 

At lhe morphological level. few studies have been devoted to demonstrating Iht' prl'SellCe of 

ANP-produclng cells in the hcart of rabbits. Morcover. the distribution of t.hese cells withlll [Ile 

di/Tcrent compartments of Lhe rabbit s heart is as yct unknown. -I11ereforC', the present sludy Wi1S 

eonduc\r-d primarily to give morphological evidence about the pre~enec or absencc or ANP

producing cells In the rabbit's hcart. A second objectivc was to study their dislnlJution within 

the dio-crent rcgions of the rabbit s heart. Such goals are crucial for completIon 01" our 

comprehensive survey conccrning conflnnation of the presence and studyin/.!: the disll'ibillioll 

pattcrn of ANP-produdng cells In the hcart of dlffercnt animal species. Confirming I he pre5el1Cl' 

of myoendocrine cells In the heart of diITerent animal specics is cl"Ueial for eOIll"ii"lDing: lhe ANI' 

hormone thcory and will help to highlight the expected therapculic use of ANP as (l {ll'Olllisin.L! 

new candidatc for eonlrolling many disease eonditions such as hypcrtcnsion a nci COl l.I!l·St ivl' 

heart failure. 
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MATERIAL AND METHODS 

The present study was conducted using ten hearts collected Irom apparenlly hCdllhy white 

New Zealand rabbits that were obtained from a local farm. We followed the Guidin~ PriI1l'ipll's for 

the Carl' rind Usc of Animals as set up by the UnIversity of Mansollra aCL:ordint.,( 10 Ihe principles 

of the Declaration of HelsinkJ and Its revisions (1964. 1975. 1983). 

Alter scarifyin~. specimens were exelsed from the dlf/erent comparlments of Ill(' hearts includ

Ing right atrium, right ventrIcle. len atrtum and left ventricle. They we're' fixed ill 2.5 % .l.(lutar<ll

dehydc in O.lM sodium cocodylate. pH 7.3 for 12 hs at room temperature. Aftc:r ril1~ill.1.! in Ihe 

samc buffer. the tissues werc post ftxed in 1 % buffered osmium letroxidc: lor 2 lIS (II <l°C. Aitn a 

second rinse in 0, I M cacodylate buffer, they were dehydrated in a graded et iI,:Ulu] l->('['ics ancl 

c1cared III propylene oxide. inl"ilt.rated in three stagcs of and embedded in Epoll H 12. SCTIlil !lin 

secUons of tissues were eut [rom cach sample. stained with 1 % azure- and lIl!'t hy'lc II(' blue II: I) 

and examined by light microscopy for orit'ntation study, Ultrathin M,'("tiOIlS were obtaincd usillJ,! 

a diamond knHe. mounted onto Fornwar-eoated 200-mesh {'opper Arids and dnubk sl<lined wilh 

uranyl an'lalc and lead dh-ale and Qbserved wUll iln JEOL IOOe electron microscope, 

Immunoeleetron Microscopy 

Specimens wcrc H.-xed in a mixture of 2% parafonnaldehyde and 1 % ~ll1taraltlehy(k ill D.I M 

sodium cacodylate. pH 7.4 for 6 11r5, They werc dehydrated In graded ethanol witl)l)lI/ p(l~I

fixation in osmium tetroxide. Clnd embeddt:d in L.R. while resin (London R.esin CI~Jl1pally, Basill~

~toke, UK). Ultrathin golde'n or silver sections (BO nm thick) were ('ut on an IIl1mlol1lc and pkkcd 

up on uncoated 200-lllesh nickel grids. Following a short rinse in distilled wakr. I hey wcn' inclI

baled in 10% heat inactivated normal ~oat serum (Sigma. St. Lows, MO) in Tris bull('r pi I 7A 

at 25°C for 30 minutes for blocking the non-specific binding. They were then incubnlr-d in a hu

mId chamoer with goat anti-a. human ANP (position 1-28 amino acid residues) <1nlioody (Si,gllla. 

St. LoUis, MO): diluted 1: 100 in 0.01 M phosphate buffer. pi I 7.4. containing 0.15 M NaCI. 0.3'!/o 

BSA, 0.1 % TIiton X 100. 0.00 I M F:DTA and 0,11}6 sodium azide for 16 hours al 250C. AI"t<'r rimi

ing in tIle sctnJ(> dilution burrer. the grids were incubatcd in rat anti-goal IJ.!G (10 Hill .~(jld· 

conjugate) (B1oCell Research Lauoratones) diluted to 1:50 in Ih(· ~ame diJutioll Illedium as fill' 

the pl'i.m .. uy antibody. The Incubation of lhe gold-labeled antibody lasted for 1.0 hOllr al 25°C. 

Sr:clions were then washr:d. first with the samc dJlulion buffer and t hen with dislilled \valcr. Ar

ter dlyin~. they wc:re stained with a low concenlralinn of uranyl ae('lalp (0.5 %) 1<11' :\0 sl'con<is. 

and with lead cilrate. for 5 minuLes. 

Controls: 

COlllrob for immunoslalning Included proce">slng tissue as above. but the primary allt iserUIll 
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was pre-absorbed by plior ineubation (24 hr) with synthetic ANP [Sigma. St. Louis. MO_), Sub 

stitut.ion of the primary antJserum with normal goal serum and omission of l\l('" sl'mndaf) anti

hody, were also used as controls. 

RESULTS 

Right auium : 

Ultrastructural examination of the rIght Cltrtal myocardlocyt('s rrvt>;lled th(' pn'sen(',· of wd\

developed eon\r<.ldile and secrelory demenls within the majority oj" the (,"!Is. Thlls. (ll(' !"Ighl atn

al myocardial layer seC'merl 10 be compo!>ed entirely of myoellllucrille cells. The right atrial 

myoendo('l"ine cells were elongated with ovoid euchromatic. nudei with a dl~tjlll'l Ilucl('olus alld 

peripheral heterochromatill (FIg. 1). The major part of the c.ytoplasm was occupied h.Y a lar.L':l' 

amount 0[" stria ted contractile myofibrils ((i'ig. 1). A considerable amount or l\()IHO/..!l'IIl'OllS 11011-

fibnlar sarcoplasm was encountered especially in lhe pcrinudear (Fig. 21. sullsar('(ll~lIImi.li and 

Intcr!"\l!ri.! .. lr regions Wig. 1. 2). 

The Il"'lOst distindive ultrastructural (eature of the myoendoerine cells cytoplasm was the 

presence of a \vcll-devdupeLl endocrine seerctory apparalus composed of few lubul{'~ of r~R 

prominent Goigi saccules (Fig. 3) and a considerable nU01ller of pro~ranules and mal ore ci('c

troll-dense granules (Fig. 3). Well-developed Golgi saceules were evidcnt in most ("d\~. located 

within the perinuclear areas Wig. 3). In addition to the scarce: r8R tulmiPs ;\lld \\w Col.c;i sat' 

cuks. a <.:onsidcrau\e numllc.r of progranu\es and ckctron-dellse ~nlllule~ wcn' OI,St'ly('d ill [ile 

perinuclear sarcopiam (fig. 1. 2. 3). The e1ect.-on-dense granulc~ wen: SpllCliC(li and IllcmlJranl'

bound With an average diameter of 120 nm. lbelr electron dense homogenous contents \Vl'['C 

separalC"d from tileir ouler limiting rncmuram;:s lly il thln rim of cleetron-iuC:t.'nL ma[('I"iab (FIg. I. 

2, 3). The average number of e\eet.ron-dense granules within rile perinuclear l"ytopli.IS11I rLlI'f.!.ed 

bctwc{"n 30-40. howtver in luany cases these eleetrun-dense g/anuks were ('rll'oLlnter('c\ also 

both within the interfillrillar (Fig. 4) and subsarcolemmal sarcoplasm (Fi~. 5, 6). In ('olllparisoll 

to the electron-dense granules. the progranules were smaller. membrane-bound, and lheir lindy 

granulated matrlx usually displayed a moderate electron densily Wig. 3). In many occasioll:'. 11ll" 

progranules were observed to be located very close to or Inside till.' saccules or Co\~i ()pp,)ratus 

(Fig. 3). As in the ordinary ('~rdlac muscle ceUs. a constderaLle IlUIIlUer of ovolcl and elllll)..!;ated 

mitochondria were observed In the different cytoplasmic regions including llw pC'rilluc\('ar Wig. 

I, 2). intcrl"ibrHlar and suu!ii:lreulemmal (Fig. 5, 6) regions. Wdl-developed T [ubules were en· 

counlercd in most or the examined myocndocrine cells and in sOllie cases i1 ('ollsl<\cr,llJlc Hllmber 

of eleetron-dense granules were located In close proximity 10 them (Fig. 6. 7). 
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Left atrium : 

Based on !ileir ultrastructural pceuliarities three types of myocardiocy!('s were rccogl1lzed 

within the left atrial myocardium: myoendocrine eells. working eells. and intenl1ediale endo('rinl' 

cells. TIle' left atrial myoendoerine eells were similar to those of the right atriulll Wi.C:. H). TIll' cy

toplasm of the working cells was enUrely occupied by closely packed myofibril,,; wi! h a !!rl'al rc

duction in th(' amount of non-l1lJrlllar cyloplasm especially within the perinuclear. suiJs<lI"('olcm

mal (Fig. 8) and Interfibrillar ar~as, In comparison to the myoendoerinc cclls. I he ."cnet ory 

apparatus was Ill-developed with a very scarce rER tubules that were dHlIcult to dis('ern in Illost 

cells. a ~mall Golgi and an entire absence of electron-dense granules and prugralluil's. The inter· 

mcdlate endocrine celli, i,harcd common ultrastructural features betwcen the myocllciocrinc alld 

workln/..( (:(>11..... In comparison to the myoendoclinc cell. intermediale clldocrinl' cdls had an ill

developed endocrine ,.,ecretory apparatus composed primartly of scarcc rER ! lIbllks alld slIIall 

Golgi !1l<'11 WI"rC- prilllarily encDuulcrcd wilhin the perinuclear area. Thl'rl.' was a gn',l1 r("(IiIl"!iuH 

ill the number ot eleelron-dense granules with an average nUl11bC'r or 2 - 3 gnulUil's !hcll WI'I'I' 

mainly Ill("akd with;n Ihe pt"rilllld4'dr an'as Wig, 9). Insinualion of Lill' electroll-dl'lIs(' gralluln, 

within tlw inlerllbrillar ()r subsarcolemmal regions was not seen in any of tilt' l'."(lllli! II'd n'll~ 

(rig,9). 

Right ventricle: 

Three cell lypes werc identificd within lhc right. v('ntricular myocardium: wod\llllo!.. IllY0l'l1do

crlnt", and conduction cells. The working ct"ils ('onstitu teel the /.!IT.J 1 lllil.iDl"i I Y or t h(' cdls Ion II Ill!.! 

t.he right V('llt ricular myo('ardiu!lI. Their ultrastructural fcaturC's Wf'I"C si 1l1l1ar til IlIOS(' prt'\'1l HI sly 

dcscrib('d in tht" right a trial myocardium. The rigllt ventricular lll.vnl'llllo('l"illl' I't'lb \\'1'1'1' I () .1 

great extent similar to the myoendocrine cells of left atrium. They wcrc clH'oull!t'rl'd Inillllly as 

spmadic endocrinc cells randomly distributed Ulroughout the differcnl llly'ocMdial rq"(lOlIs. Itl 

comparison lo the workillg cells. lhe cells had a recognizable endorrinc sel."r1'lory a ppi.1 1"<1 [II." lo

cated mainly within t.ilc j1lTiTluclear arcas. and CO III posed of onc or two I'EH t UhllleS. suwH Col.!!l 

.saccules and from 4-5 dcclmn-dense granules. Tht" third cclllype lhLlt was itlenldlcd witilin till' 

mvocardiulIl of the light ventricle was the conduction cells. Thc majul' par! or their cytoplasm 

was filled wilh nOIl-('onlractile lion-fibrillar elements with very few myofibrils conc(,ntrated main

ly in tht' p~ripheral cytoplasmic areas (Fig. 10. 11). An interesting ultrastructure feature of thcSt" 

cl:lls was the prese ncc of a comparalively well-developed endocrine s('cret (II)' apparal us ~illlilar 

to Ihose pn'viulIsly d('scribed for thc typical myocndocrine and intermediate endocrine cells. Tile 

endocrine sccretOlY apparatus of the conduction cells was composed primarily of sparse r~R lu

bules, prominent Goigi saccules and an average of I 0-15 ~lcctron-dense granules and progra

nUles that we.re mostly observed v.1thl n the perinuclear cytnplaslll tri~. 10, I I J. 
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Left ventrtcle : 

Two ('ell types were Identified within the left vCldricubr rnyocanJium: worl{illj..( and conductio!) 

cells. The working ceHs constituted the great majorily of the cells forming lert ven (ricul<ll" lllYO

cardium. The ultrastructural features of left ventric:lliar working and conduction ['clls were ~IllIi

lar to those previously described in the right ventriClllar myocardium. No !1Iyo(,IldocrillC cells 

were identified among the myocardioeylcs forming the left ventricular myoc<lrc.1lul11. 

Trea ting sections with anti-a human ANP showed ANP hnmunoreacli vily. as hOIl HI!-!l'IlOUS c1i~

tribution of colloidal gold particles within the granule matrices of matur(" secrclOIy gfililuies of 

both atria Wig. 12) and In the right ventricular cOllduction and myoendoCl"iJle cells. VCIY wI'al, 

ANP immunoreactivity was encountered within the pl'Ogranules. 

DISCUSSION 

In the present study. most of the right atrial myocardiocytes were ('onsider('d to be mycwn<io

nine cells. The endocrine secretmy app,uatus of till' light atrial myoclldocl"iIl(' ('('lis was 1'01\)

posed of scarce rER tubules. promincnt Golgi and a considerable numlJer of membn\l1e-[)ound 

progranu\es and electron-dense granules. In most mammalian sp('('ies. the ,l.!.reatcst numU\'I- or 
myoendoerinc cells are found in the atria (Back et at. 1986; Reinecke et aI., 1989; Fors

smann et aI .• 1998; Maret. 1994; Maret, 2002). In rabbit. the atrial [issLI(' levels 0[' ANP [leal< 

near birth (Thompson et aI., 1988). Aoki et aI. (1988) reported tilat all at!'i'll ('dis (,Oil [oW) tile 

gendic information to produce hormonal peptides. Seul et al_ (1992) ~lI~cskd tll,1I 1Ill' 1'i,L!hl 

atrium is a predominant sHe in AI"lP secretion in rats. Mlfune et al. (1991a) in mOlls(,. rat ,mel 

Mongolian gerbil demonstrated that ANP immunoreaci ivily was detected in thl' at ria of all t hrc(' 

species. and the most intensely reacting eardiocytes were localized in tIle right cluricular part 0[' 

the atrium. Richter et aI_ (1998) in equines Identified auricular cardiocyles as lhl' \od of ANI' 

synthesis and suggested that eqUine ANP is produced in aUlicu\ar cardiocytes and tile" predollli

nanl storage fonn of ANP in the auricle Is the prohormone AN r -1- 126. 

The structure of Ihe endocrine secretory apparatus in the raubit's right atrial myoendutTill(, 

cells that was demonstrated in the present InVestigation correlated well with those prt'\'iollsly c\(>

scribed for the myoendoertne cells [n several animal specics (Toshlmorl et a1.. 1988a.b: Mifune 

et aI., 1991a.b.c; Maret. 1994: Mare!, 1996; Marel cmd Oeman, 1996). Th(' Illllrpi1ologinll [t'a

tures of the progranules and the eleclron-dense granules lhat were demonstrated ill liI(' presenl 

study w('.rc to a great extent similar to the ANP-C'ontaining granulcs that have prcviously bC('1l 

dcmonstrated in the myoendocrine ceUs of many mammalian and submallllualiall sj)('('ies 

(Rippegathr et al .• 1987: Forssman et al., 1988: Herbst et aI_. 1988; Agnoletti et al.. 1989: 
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Forssmann et aI., 1998; Marel. 1994; Marel. 1996: .Maret and Osman, 1996; Maret. 2002), 

In addlUon, trcating sections with anti-a human ANP showed ANP immunorea('livily as hOiIlOg.'· 

nous dist.ribution of colloidal gold parHcles within the granule matric('s of mal un' .... tTn·lmy g.ran

ules. The close morphological resemblance of these granules to t.he ANP-containin,g granules as 

wen as the positive rcactivity with anti-a human ANP might lead us to suggesl Illat IIU.'Sl' ekc

tron-dense granules contain a hornlonal peptide of the same ANP family. In Ihis rc~pecl, Toshi

morl et ai, (l988a,b) reported that in the atrial cardiocytes the electron-dense granules wel"(' rt'

vcaled to be storage sites of the peptide. The electron-dense material. thoughl 10 be Ihe peplide', 

was found in thc sareoplasmic reticulum and Goigi saccules. In the presenl illvesligalioTl, ANIl

Immunoreactive electron-dense granules were located in very close proximity to tllt' GolW SHe

cules; moreover many progranules were Identified as locatf'd within 1111' GO\,l.!,i Stlc('uit's. Tht's(' ob

servations might indicate an activc role of the Golgi saceuJcs in cardiac hormone synlhesls as 

was previol~~ly ~u).!.ge~(ed by Toshimori et aI. (1991). 

Wilhin the myoeardium of the rabbit's left alriUll1. thrce lypes of lIlyocarcliocyles W\'l"(' !'('('(l.L.(' 

nized. namely ANP-produ('ing myoendocrim' ('db. working cells. and illl('rl1lC'dia!e mYOi'ndocrilw 

cells. The left all-ial myoendocrine ceUs were similar to lhose of the right allium and Wt'n' n'roL!

nized mainly by lheir well-developed endocrine secretory apparatus. In comparison 10 thl' ANI'· 

produ('ing myocndocrtne cell. intermediate myoendocrine cells had an ill-developed endocrine st'

ert'lOlY apparatus and small numbers of electron-dense granules located mainly within tlw peri

nuclear sarcoplasm. Whether the lell abinl intermediate endocrine cells reprl'~·;(>nl a distinctive 

cell type nr lh('y arc a variant of typical myoendoerine ('('lis that <liT slliJj('{'ll'd to ("(Hldili{)J) or ..II" 

creascd bfll"III0rlal syn 1I11'Si8 and prud UCtlOIl is sLi II a malleI' of 8Pt'CU 1<:\ Uow;. Aokl et aI, (1988) 

demonsl raled I hal j he functional hel crngeneUy among I he clillphiuian llI),ol'nd, UTi lit' ('clls: Ill<' 

small n\lI11lll'r of s{~crclOlY granules seen during summel" can be illLt'rprded as the n'suH or ac

celerated synl heS1S and intracellular processing of hormonal peplidcs. by- passln~ till' pc.H'king 

step in the GOlgl complex, This suggestion mIght further explain (he ill-dcvclolwd rlc\lurl' (If til{' 

Golgi compll'x Ihal was dC'l1lonstratecl In the present study. However. Marel (1994). has('d on Ih(' 

presel1t'!' of ;111 11I·developed eudocl"ine secrdOlY apparalus in Lbe intermcdiak (·ndocrirl<.' cdb. 

did not support the hypothesis concerning lhe accelcrated :-;ynthesis and cellular proc('ssillg ami 

he sugge8ted that these cells represent either inhilJited myoendocrine cells or Ibey arc ~eneUeal

ly programmed to produce less hormone. The present findings cOncclTling lhe prest'I1C(, of It'WCI" 

myoendocrine cells in the 1cft atrial myocardium as compared to the right atrial olles were in ac

cord with I host' of Gutkowska and Nemer (1989) apd Brand and Jockusch (1981) who demon

strated Ihal !he left atrial ceJls were found to store kss ANP than the right atrial OIl('S. 

Three cdl lypcs were identilled within the right vC'nlricular myocardium: workin~, ANP-

MonsoLlra, Vet. Med. J. Vol. W. No.2. 2003 
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produeing l1lyoendocrine. and conduction cells. The right wotrlcuJar myuendoennC' cells WI'IT 

encountered IIIaiIlly as sporadic endocrine cells randomly distribu tcd throughol1l the d in('rcil t 

myocardial regions, They were to a great extent similar to intermediate endocrille e('l1~ of 11](' klf 

atrium witil cl.Il average of 4-5 electron-dense granules mainly within the ]l{'rillllc]('<1r S,lITO

plasm, Sin<'.c the discovery of lhe endocrine naturc of the hearl by Kisch (1956), t\]L' ('XlsII'IH'(" of 

myoendocI-llie edls among thc Ventricular eardioeytes has been the subject of IllCiIlY deuatcs. 

Several investigators have asserll·d lhat some of the ventricular cardiocyles possess all ('I}do, 

erinf' potelltiality and they selve as an important source of ANP hormoncs. This vieW could be 

appreciakd by referring to the work of Leak and Bwke. 1964; Zivin et al.. 1984; Nemer et al. 

1986; Bloeh et aI .• 1986: Gardner et al.. 1986; Wei et al .• 1987: Thlbault et a1.. 1989: Albi

no-Teixeira et a1.. 1990; Marel. 1994: Klinger et aI .• 2001)_ rn ('ontrast !o ill(' r('slIl1s prescni

ed here, other investigators daimed that the ANP-producing myoendocrlll(, cells wI'n' located 

only in Ihe atrial wall (Mckenzie et aI., 1985; Morlnga et al., 1985: Saper et al .. 1985: Can

tiD et aI .• 1991). Thc increased expression of the ANP gene 111 rjght ventri('\e ... was f('potkd in 

volume loadcd and spontaneously hypertensiv~ rats (Lattlon et al. 1986: Takayanagi et aI., 

1987), Tbe right Vl"l\tricle may ueeome a major source for ANP synlhesis and I'dease rlurin,l!; hy

pertem;ion. and Illay play important roles in cardiac cndoeriIlc pC! thol()~ and cardiLl(' hYlJcr! I'()

phy {Gu et al., 1988). This suggests that the potential to produ{"e ANP is. <tel iVdl I'd by sOBle 

stlmull such as wall stretch and high salt diet. Gu and McGrath (1990) su~('si thaI hu Illall 

ventricular cardlocytcs in and around ancurysm can convert to producc large (lmOUIl i s or I hc l'lI

dOCl"ine pcptide ANP, This venhicular endocrine conversion was localized and was probahly 

caused by physical over-stretch of the cardiocytes, ReInecke et at (1985) rq}j)rlt'II 111,,1 AN!'· 

myocndoerine cells In the heart of mammals. birds and repti\('.s were t(':-iirictcd to the al ria. wliilt· 

in 10lAler veltebratc classes such cells occur in considerable number in thc vcnt rick as well. 

Thus. there s('cm 10 be a physiological trend toward the concentration of cardiac horIllllnl' pm

dueing cells in the atria with increasing complexity of the cardIovascular system. Back ~t a1., 

(1986) suggested that Lhe ventrtcular myoendocrtne cells mighl represent a phyl()l,(CIH'ti,' 1"('111-

nant ralhcr limn having a partkular phystolo~tcal role. In rat alld goldell ilalll~ter, i\NI'

immunoreactive gran ules first appear in the myocardial sleeve of the cmbryonic 1)(';-11'1 1 uuc ell! r

ing thc looping stages and the density of granules in venlricular myocytes decrrases during ttlr

thcr slages of feLal and neonatal development (Navaratnam et aI .• 1989}. Gn et al. (1989) :--'lIg 

gested that the extent of ventricular ANP synthesis and release arC'. regulated by illiravclltrinllm 

pressure. and the occu rrence of ANP in overloaded ventJicles may be ;} tl"ansil.'llL illl!1lC'dili t ely I'e

versible phenomenon, 

In I he present study. a well-developed endocrine secretory apparatus similar 10 Ihosr I'or the 

MansolLra. Vet. Med. J. Vol. V1, No.2. 2003 
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typical myoendocrine and intermediate endocrine cells was Identified in most of the ('xamincd 

ventricular conduc Uon cclls. These obscrva Uons might suggest that \'t'nlricuiar conduction ('['lis 

arc also involvcd in synthesis and secretion of hormone that might be related 10 I hc same cardi

ac hormonc of ANP family. The present rcsulls disagrecd with those of Melax and Leeson (1970) 

who staled thal in rat conduction cells, no speeilk secrctory granules such as thost· in atri.iI 

myoendocrillc celis Wl'rc deteded. Huwl~vcr, our findings were In harmony with Ihmw III' Back et 

a1 •• 1986; Forssmann et al..1986; Gobel et aI., 1986; Gardner et a1 .• 1986; Thompson et al .. 

1988: Thoshlmori et a1 .• 1987; Tboshlmori et al .• 1988a.b; Muei. 1994. In tite rnt. lhl' ('II, 

tire intravc n (ricula r conduction syste.m is constltu ted of endocrine cells prOdlll'ill.l! ,\N II (Cantin 

et al" 1989), Thc exact role of cardiac hormone produced by ventricular and conduction ['('lls is 

~till unl:utain. I( has been suggested that (he ventricular conduct ijm cells !l\ay only lJC illvolv('d 

in local el!docri.n(' rf'gulation and the amollnt of cardiac hormone produccd I)~· (lH'Sl~ cells ['1111\

pared lo 111.11 CIt atrial appendagcs is negligible (Gobel et aI .• 1989). 

In the present study. no myoendoerine ('ell~ wcrc idcntlfied among lht' cardiocytes ['ornung 

lhe mYOl'dnllum uf kft w'nlriclcs, A silllil..tr conclusion was prevIOusly repol"ied in the hC;'lrl of 

camels (Muel. 1994). The cntire auscnee of ANP sccretory activity \\/Ithtn tile 1l'ft .... cntricular 

myoeardtocytl's seemed to be logical as Ule great pumping forces nccded from Ilte len v('nlnculL\r 

myocardjocylc.s lcave no room for other functional attributes. 
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Figure 1: ~lectl"On mict"ogr<}ph of right atrium myocndocnne ('e1L~ of rallbU c.;!lCI~ .... in"l( I}tWII"II"; (11), 

Illyllii llrills (yL non- rilxilkl' penn ucJe<lr sarcophlslll h\" lIlitochond riil (Il) ;lIld eicri 1"011-

Figure 2 : Right atrial myo('ndocrine cells of rallblt showing nl\dl~t1S In). nOll-fifmll,,]· [.WI"II1II("\("

af sarcoplasm (s). mitochondria (u). myofillrilis (y1 and deci ron-dl'I1~(" ~rd lit! ks (e) X 

17000" 

Mansoura. Vet. Med. J. Vol. VI, No- 2. 2003 



H. E. S. Maret and H. A. El·Habback " 11 

.~ 

1 

Figure 3 : Ill~hel- !lIa~l1i1icatiorl or riAht atrial myocndocrinc eells o( ralJ!JiI SlJ()\Vill.tr;\ we'll ([('\,('1-

oped Goigi (L) with e1edron-dense granules (d cu:cI pmgl-i1l1uks (p). Noh' dl':io 1I1i1!)

clumdriLl Ill) X 36000. 

~ 

Flgwe 4 : Hight alrial myocnclncrinc cells of rablJit showin1=! thl' pn.'st'I1'r of' cit-('lron-dcll.''l' gl'i.1I1-

uks (c) in the intcrllbrillt'1' n'giolls X :1(,,000. 
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;J/' " 

Figure 5 : Hight ahial myoendoc:rine cclls of rabbit ShOWil1f.! the prc~'«'Il('(' 01 elt'elron-(klls(' l!r.lIl 

LIles (e) in the suUsi.lrcolcmmal rcgloJ1!- X 17000, 

Figure 6 : Ri Il.h I <ttrlal myoendoc.rine cells of rabhit showinl! Ihc pre~''I'Ht'(' or .\ Wl'\I'(\I'\'('lojll'd '1'

tubules to and the prcs(~ncc of electron-dense granules (e) in the' sub~i\n(lklllll1<il rc-

1!ion X 17000. 
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FIgure 7 llighcr magll1ficatiol1 lo ligure 0 shawlIlg a well-developed '1'-1 uhulc II) ami II~ 1·lose 

proXillllly to Ihc declron·dcnse gntnuk!-. (el X 28000. 

Ftgu.re B ; J l:ll a 1"lum of rabbi! showing I hI' P['(,S(,Il('(' of wnrkin~ cell [w) ;lIld I }'plc<ll lllyol'mlonilH' 

(.('11 (Ill) with a considl'muk nlllnber or ekd !'Oll-dcllse gunulcs {to) ill lilt' suh:-.arcoll'lIl 

Illal .sarcoplasm X 17000. 
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Figure 9 : Lefl ul nal intermediate my()endocrine cells of rabbit showin~ nucl('lIs (II) <lml I('w ('It'I" 

lron-dcnse gmnules (e) within nw pcrlnucJC>ttr an:us X I :WOO, 

Figure 10 : General vh~w of Tight ve-nlricul~u' conduction cell (v) or rabbit X 8000. 

Mansoura, Vet. Med. J. Vol. vr. No.2. 2003 
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~5, ' 

Figure 11: [\j~[l(T magnificatlo11 !o fig 10 showing C'vidence Df M'I'['I'tnl'V ,win (IV Iflr «(Jlldu( tlnll 

cdl. No It, ('('cell [ric lHH'kus (II). (~.'w Illyoflbrils (y) and elee\ mn -d('II .... (' ~r< tillite .... k) X 

1:,000, 

Figure 12 : HepresC'nlalive ullrastructm-al Il1lnniTlo\m;lochel11il'al labclin,g of lhe ..... 101 .l,lW (II ANI' III 

lhe electron dense granule's 01 1 h(' right al nitl myoC'ndoC'rlll(, edIt'-., Nlllt- tile pO .... 11IV(' 

ANI' n'i\C'livily as imlicalcd hy II w pr(' ..... ('IH"!' 01 d <'(1);"'1111'1 dhk IIlllHht'l- of gold pnrlld(' .... 

within the granule matnx X 72000, 
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