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Mammalian er,rdiogen-*ls occur* by a series of events, each of which are

rapidly succeeded by «on? edvsnced stages of development. Ultimately, the

ain&le, tubular hettrt, slightly modified by bulges snd twletings, and poeeat-

Ing an Inherent capacity of ecntrnetlor comes to be the T>rime mover of the early

embryonic nutriente.

To arrange these events Into a general pattern characteristic for ell

—male ia a hereulaen task often complicated by optimistic folly, However,

by cotaporing observations of eardlegeneeis In certain ^»nlds with other mam-

mals, definite similarities do occur. Irrespective of specific e^ornio^ieeJ

relationships, mammalian embryos In ffererel posses* bilateral heart prlmnrdia

composed of epl-myocardlal tissue and endocardial tie sua, which by shifting

toward the midline of the erabr./o and there undergoing fusion, come to form

the he^rt. At thin point, ffcneralitles end an? lntric»cl«e b*»gin. flroes

variations h«v« been reported on the node of and the fectere reer>on?lMe for

the foraation of the heart between the orders of Mamnclla which have b*en

studied. These variations are fri? vifinblr if for no other renson th»»n the

diversity of the particular orders. Less chance of rrcnouneed verlettons

seems possible between fasdll^e or specise. The dog and the coyote heve been

found to have identical cardiogenic processes and, likewise, these have been

found to differ in no essential mpsjjl In th? eat.

Reference has been mode on numerous occasions to the work of others who

have studied mannalinn eardiogan«*l*. Particular Attention has been directed

to the works of Sehulte (1916) and Vetson (19?*0 or. eardioff#n«-«ls in cat embryos

having three somites to those having twenty-one somites. Comparisons were

also mide with conditions in rat embryos of the pre-scmite staice to th* #»lfht

somite stage ss described by Ooss> (1<T*5, Iff** tf*e% 195 9 ), In early rabbit
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embryos having two to three somites as described by Dwinrel (1939). in guinea

pig embryos from the pre-soraite stage to those having nine somites as described

by Yoshinaga (1921) and in the human embryo of twenty somites as described by

Davis (1927). Occasional reference was made to Bonnet's (1901) description

of the dog.

Thus, by comparing the observations of cnnid cardiogenesis with the

above stated works, it was possible to insert the dog into the general pattern

of mammalian heart development.

METHODS ABD MATERIALS

The canid embryos were obtaine-J from mixed, dog rtock and wild coyotes.

The dogs were maintained under supervised breeding conditions at the

Small Animal Laboratory at Kansas State College. In order that timed stages

of embryos might be obtained, ovulation timer, were determined by examinations

of vaginal smears (using the -^echnio of Hewberry and ftler, 1952) during the

estrus period, and breeding was allowed at the optimum condition.

The coyote embryos w^re removed from freshly killed bitches obtained during

organized coyote hunts common to this region. Before the removal of the embryos,

measurements were made of the swellings of the pregnant uteri. This data and

the state of development of the embryos were the criteria for placement of the

coyote embryos in the series.

The pregnant uteri were removed via abdominal incision, and the swellings

measured and immediately \>l-ced in warm Ringer-Locke's solution. Dissection

of the swellings was begun directly by making ' longitudinal incision through

the myometrium directly opposite the line of attachment of the broad ligament,

"lie e»idometria were then peeled out of the myometria. The endometrial portion

of each swelling wa» transferred to fresh Ringer-Locke's solution and opened
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"by naking an incision along a line opposite the line of attachment of the

"broad ligament. The WflfllllM was then spread flat exposing the *mhryo

lnU-ct an* anchored hy its extra-embryonic oemhr?jies. After preliminary obser-

vations, the embryos were fixed in hslf-<strength Benin's solution *nd tr&ns-

ferred to 70 percent isopropyl alcohol. The whole mount preparations were

stained either with Dorax.-cersnine or h^matln. Sectioned embryos were stained

with a progressive stain of 8 percent Hf.rri?' hematoxylin. T5rav5rr? vere msds

hy micro-projection or camera lucida.

The emtryos used in this* t- turfy make a continuous eyries from prr-aonite

early 16 day to Ik somite, late 16 day, or a span of only ?0 hours and lU

somites. These embryos f-re briefly characterized below.

Dog l6a. This was ft pre-somite embryo removed early on the sixteenth day

of pregnancy from a uterlr.e swelling pleasuring ?mm r lOara. The emlrr; o

had distinct ntural fold*, interior find lateral limiting sulci, and marked

proliferations of the Jntra-imibryoric mesoderm ventral to the lateral limiting

sulci. It wes sectioned transversely .at 10 microns and stained, with Harris 1

hematoxylin. A micro-pro jee tire 'rawing was made of a representative Mttln

through the head process (Plate I, Fig. 2) .

Dog l£b. This was a two somite embryo removed from the same uterus as

embryo l6a. The embryo hfd. three complete inter-scmite grooves, nnterior end

lateral limiting sulci, sn2 neural folds extending posteriorly from the tip

of Mm heed process to the s scope' intrr-s^ mite grooves. Blood islands were

present in the extrj—embryonic membranes. The embryo was stained vitk IttftfttSa

end mounted in to to . A micro-prelection "rawing w?.s rn-nde of th< c (Plte

I, Fig. 1).

Coyott- 761?:. This was an embryo having five somites, from uterine rvel-

ling measuring 13w- x lfimm. Three primary vesicles were present in the hrsin
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and the neural folds extended posteriorly to the end of the tail process. The

neural folds were in contact in th« region of the hind 'brain. The embryo was

stain«! with borax-c^minr- mi counted jln toto . A micro-projection drawing

was made of the embryo (Pl&te I, Vi&. 3) and a more detailed drawing was made

of the he*.rt prirocrdia (Hati I, Fir. !.)•

Dos 117Lb. This was an embryo having five somites. The embryo was removed

eerly on the rirterrth day of JiFflWilly fros a uterine swelling measuring l^mrn

x 16am. This embryo, B mlrror-imag? cf embryo ?6la, was sectioned transversely

at 10 microns and stslne* with Hrrifi* hematoxylin. Micro-projection drawings

were mede of representative transverse section (Fl&te I, Pigs, h and 5)«

Coyote ?6lb. This was a six scnlte etabryo removed from the same uterus

as embryo 76la. The embryo had a shallow fore-gat anol neural folds which had

fused in the posterior portion of the midbrain and the anterior portion of the

hind brain. The embryo was sectioned tfMITITlllj tl 10 microns and nt.ined

with Harris' hoartoxylin.

Dog 117L«. This wr;s a four somite embryo removed from the same uterine

cornu as ll?Lb. The Mftgy kai n shallow fore-fiit, herjd fold, tail fold, and

a precocious hind-gut. Two nsur were present in the fore brain which hed

flexed ven 4, rally through an angle of 90 degrees. The mid-brain and hind brain

were di-.tinct. Hum-rous blood islands were present in the extra-embryonic

tinnies af'.i-.cent to Mm embryo. The embryo was stained with hematin and

mounted In to to . A micro-projection drawing was made of the embryo (Plate II,

Fig. 1).

Dorr fcjQL This «mbryc hnd MfM somites and was removed during the middle

of the «i?-trerth day Of pregnvney froai h uterine swelling measuring l'ram x lkam.

Th? embryo h/.d r. deep fore-gut extending posteriorly from the hind region of
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the fore brain to the constriction between the midbrain and the hin4 "brain,

1 elicit tall fold of the amnion, and 1 fe*»i f«M slightly o-tcrior to the

anterior margin of tt» fbrfg**. Btt fore by.-iin MM flexed ventral!/. The

eabryo was telaoJ la WraxHMMiM *nd wraatoi in to to. A BJuuro-proJettKa

drawing was made of the embryo (Hate II, Fig. 5) and a drawing MM made of the

heart priawdU (Hate II, Pig. 5). A drawing was also Made of the region cf

Junction of MM Mferytala enuoth?"' I the extraembryonic Msenlsr elements

(flnte II. rig. •' \

Dog 1151. This WMt cm 6&g ewbryo renoved early on the fttxfeMftftfe

iff of IiragBMI(l|r AW* a uter ] :ag —MWlfcg 12nss! x IfiMk 9u eahryo

had a fcrc-gat ft—ling \osterlorly from kfe* c . . .tion "between the fore

brain and lb* aidbrrd; It Mm nterlor part of the hind. brain, ft] irles

ner-rly omtogjllng ttM fet I MMfttl ;

, M•' l ifeello* hind. gut. The fetal fold

wt'.s slightly MVMtfltf and ventr.v.1 to the anterior margin of the fore-gat. The

embryo VM etr.in*d with fc—tUll M* tgounted in tq.to. A micro-projection drawing

was Mftg of the erbryo (Plate II, fig. ?.) Ml I drawing wkb Mdt of the prtMffffla

(Plate II, Pig. 6).

Bog 12GML JEfelt was ;x embryo having eleven somites. It was removf-d

flPMI a uterine swelling aOMTirltg 13ran x l?Ml during the a&4dl« of the «ix-

ternth day cf preglMtJ The enihryo had e vice fore-mt MlMfttg pttWHtflf

from the floor of tfet di*nc6;. :

kt UM first inter— ovite gff«0MMI I r.c a embolic

flMVJM of ninety degree, Baftfektl peach ml in B—tfl with the irfundibulnjn

and the oral plate had fit—I Wtftt**2 to Um pftttlt part of the 'Uenceohalon

and thr ulterior part of the mesencephalon. The optic vesicles were in contact

vttfe the fet«l ttltdni however, MOM was no thickening of the ectoderm in-

dict tiv© of the lens primcrdi*. The tail fold of the amnion had BTttM&oft

anteriorly as far as the -anterior region of the segmental plate, still there
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was no indication of a hersd fold of the amnion. The embryo was sectioned

transversely "t 1? microns and stained with Harris' hematoxylin. Micro-

projfction drawings were made of represent: ti^e section* (Plate III, Pigs.

3, **, 5 ant! 6).

Dog 12CLc. This was an er;i
v.ryc having twelve somites. It was reraoved

from a uterine swell in,? measuring l^ifltn x ?0mn during th<» last hour? of the

sixteenth day. The fore-gut Wlfitdl posteriorly from the floor of the

telencephalon to the posterior ede:e of the head mesoderm. The five divisici <^

of the hrnin were well formed and cephalic flexion had directed the fore hrnin

ventro-postcriorly through on IM of ap;..roxJsn.tely 100 legrees. Tr>> tail fold

of the amnion was directly over MNtf.%4 twelve; however, th -re was no indication

of a herd fold of the Rmnion. The embryo was MistaiMl for sever*.! minutes

in Ringer-J ockr. ' e solution at normal temperature air1 ohr-erv? IftMM were «ade

of the origin and rate of the mj-ccardiel eoi>tr» ctior-e. The Mlbfjl was then

fixed, sectioned transversely e.t twelve microns an* stained, with Harrir'

hematoxylin.

Dog llCLb. This embryo had thirteen somites aio&. was removed from a uter-

ine swelling mf-suring ljfmm x 16mm during; the latter p*rt of th? sixteenth

d&y. The embryo fctl the sane general characteristics as 12CIe. It was sec-

tioned logituUnally at twelve micron? and stained with Harris' hematoxylin.

A micro-pro J«ction drying was made of a representative section (Halt IV,

Fig. 2).

Dog 120B.D. This embryo had thirteen somites. It was removed from a

uterine swelling measuring l^mm x 18mm during the last hours of the sixteenth

day of pregnancy. The general characteristics were the same as for the prev-

iously described embryo except for fui-thW ^eve'opra^nt of the tail fold of the

amnion and the appearance of a head fell of the amnion. The eabryo was
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maintained in Ringer-Locke's solution at normal temperature for eevrrn* minutes

and observations were jawcle of the origin ml ruts of the myocnrdisJ IMlfMlltMii

It was then fixed, sectioned transversely and lIUdasA vith Harris' h^no+.^rylin.

Dog llGLa. This was a fourteen somite embryo obtained during the latter

part of the sixteenth day frc:a Mm one ut^rino HIM as ll8Lb. The embryo

had a hetva fold of the amnion >-nclosing the hMrfl -posteriorly to the 'ni*'
1 "« of

the sii-Jbrain. Cranial flexure was present in near* 7 th» sane decree 0.9 in

120Lc: however, cervical flexure had begun in the hind brain, The BMPfla of

the anterior intestinal portal was at the levO. of the t\n% inter-?OTr»it.i~

grooves. Bu hind gut MM only a shallow pocket. The embryo was ateined

in hematin and noun ted in to to . A uioro-projection AfMrtAg MM made (P"*te 17,

Pig. 1).

Tog 12GRa. This was a fourteen somite embryo removed from a uterine

swelling measuring 12nrr. x 19mm during the I It ' our« of the Kixt^onth t«g~.

The general chrjracteristics of the enbryo were the sane as fcr the previously

described embryo. It was maintained in Ringer-Locke' e pclutlon rt normal

temperature for observations of the nsture en*, rate of the myocardial contrac-

tions. It was then fixed, sectioned Iftglttidinelly and stained with H-rris'

hematoxylin.

OBSERVATIONS

The first embryos considered were ft pre-somite ambryo ?in<? a two somite

embryo.

In the pre-somite embryo (Plate I, Pig. 2) the intra-embryonic "neT-"1 ?rm

fell un ergone marked proliferation and whs five to p5x coll 5 thick vontr ]

to the lateral limiting sulci. The celle of these thickened ereas were mere
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compact than the mesoderm medial and lateral bat no differentiation had oc-

curred indicative of the bilateral cardiac primcrdia.

The two eomite embryo (ialate 1, ft* i) had primitive "blood islands

clustered around the pellucid area surrounding ohe embryo. Otherwise, it

resembled the pre-8?mlte embryo.

In embryos having five somites (ilate I, Pig. 3). the amnlo-caroiae

vesicles had developed as cavities in the lateral mesoderm under the lateral

limiting sulci, extending craaio-medially and. uniting in the extra-embryonic

mesoderm |a | Lft .leiy anterior to the heed fold. The lateral limbs of the amnio-

cardiae vesicles were wide axxi of considerable depth (Plate I, Pigs. *? and. 6)

but in tht- cr-uiial arc wh're confluence of the lateral limbs had occurred,

the lumen was restricted to a narrow slit. The splanchnic mesoderm forming the

floor o. the amnio-cardiuc vesicles had thickened ventral to the laterwl limit-

ing sulci and had bulged aorsally into the vesicles forming ridges extend ing

from the level of the posterior limits of the head mesoderm «ynt*riorly to the

midbrain. These ridges, the epi-myocard ial mantles which Inter give rise to

the epicardiua ond myocardium of the adult heart, were bordered on both sidee

by folds, the epi-myocardial folds. Josteriorly, these folds were well defined,

facing out toward the anterior end of the primordla. with the increased boreal

curv tore cf the mantles, the concavity ventral to it Increased aa a definite

epi-myocardial furrow. The m^uitles were conrected medially to the wall of the

amnio-c-ti 1*6 vosicle by the retro-cardiac plates and were limited from the

retro-caiTiiac alates by the medial Jii
i 9JV>•!'€Ial folds. The splanchnic

mesoderm forming the floor of the amnio-cardiac vesicles lateral to the mantles

is known as ihe pre-cardiao plates wad are limited from the mantle by the lateral

epi-myocardial folds. The anterior ends of the heart primordia were directed

ant erto-medi ally although no fore-gut was present to account for this curvature.



Endocardial pei&tt&i* were present M '-.end el the Mil ler.rth of the

•pi-nyocferdial furrows, except for the most jnUrlor end posterior llr.ita where

the «l1«MITttll MM fused Ik" it: hly 'ith the spi-Bycr.^rdlrl MSllMI*

Toward the middle of the orimordia, the endoeardn-l mace* ha3 dlffMNNstil Mi

by a progressive formation an., crfluirice of vesiclee from the middle tcv'.xd

the extremities to form endothelial tabes with &l*06»%lawntf lumir.- (rl»tl I,

Fig. 6).

Certain primordial endocardial celle, the MftlllMlli fcal p**Uf«r*Ml

from Uu vertral side of the retre-cardiac .late and from the undiff*r«-nti- ted

MlMklMW me-ial to Hm pl&fee. The oagioelasts were MTMlfl flinty cr ?n

ehe^tt o.' two to three cells-, many of which were ecu ected to mepoderr tp

cytoplasmic processes. ?he angioblastB were meet pptVllfftft ventral to the

retro-aviidi&c plate. Some scattered an^iohlaat ahe^t? were ir. eemts£t vitt the

er.ciooardiua by cytoplasmic procetsBee.

In the embryo which had six somites, the linen of the Will iMJlMl portion

of the amnlc-cardiae vesicle wns still shallow; the heart primordia ley in the

splar.ohnopleuric folds bordering the interior intestinal portal.; and the

c. s-u,in£s of the epi-myocardial farrows, having "been rot hrou^i &p -rrimately

-rlj ue^reee, were directed ven.ro-medially. Anteriorly'', the MRtle* w^re

almost flat with very slight furrows; however, ft 'pr'.or to th* <r.t r r'or in-

testin;:! portcl, the mantlftl were cmvefi into the shape of a horse stuM* open-

ing v^o*'-r8lly, by the convergence of the exd -myocardial folds.

The endocardial masses extended "beyond the mantles 'interiorly tut became

loet in tht -_ioj.chnia mesoderm, Vat posteriorly, the rndocavdinl mtMMI mc'ed

within th* uore.sl wall of the mantles. The middle half of the endocardial

elements had differentiated tc endocardial tubes.
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The heart primordia of a four somite embryo were next considered (Plate

II, Fig. l). Althou#i the embryo was somewhat precocious in certain phases

of its development, as compared with the five and six somite embryos previously

described, the state of development of Its heart primordia fitted satisfactorily

into the series of heart stages between the six an^ seven somite |U|M, The

primordia, directed anterio-medially, lay lateral to the margins of the wide,

shallow fore-gut and only the posterior ends of the primordia lay In the

splanchnopleurlc folds. Expansions of the epi-myoeardia were indicative of the

future divisions of the paired primordia. The expansions were bounded by

constrictions, namely, the atrio-ventrlculnr and the Incomplete bulbo-

ventrlcular sulci. The expanded portion of the left T>rimor<Hum was more

prominent than that of the right.

The endocardium, completely differentiated, closely followed the contour

of the epi-myocardium. Endothelial sprouts, the anlag^n of the first sortie

arches, projected beyond the anterior MFgAM of the mantles. Posteriorly,

the embryonic endocardial elements were extended toward but not fused with the

endothelial elements of the extra-embryonic splanchnic mesoderm.

The paired heart primordia of seven somite embryos (Plate II, fig", ?, 5)

were more expanded and were distinctly divided Into the bulbi arteriosus,

ventricles, and atria. The paired };rimordia had. shifted toward the midline;

the bulbi and the ventricles lay directly ventral to the lateral margins of

the fore-put while the atria lay In the splanehnopleuril folds, direct*? toward

the yolk sac. The outer wall of the left ventrlol« was considerably thicker

than that of the ripht. The mantles hnd rotated throng approximately "ixty

degrees, progressively less posterior, so th^t the epi-myocardial furrows were

directed ventro-medially, preparatory of later fusion. The anterior ends
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of the lateral and medial e~ i-myocardlal folds hf*3 progressed and joined

anterior to the bulbar primordia as the anterior e^i -myocardial folds. The

ci -like ends of the bulbar primordia were directed slightly posterior as

well as medially. The position of the h*ad fold by direct obstruction of the

forward expansion of the primordis was probably responsible in p*rt for the

posterior curling of the anterior ends of the bulbi.

The endocardial tubes closely followed the contour of the ffi-myoeerdia.

Anteriorly, sprouts of endothelium (b<. se6 of the ventral r ortae) turned ven-

trelly in th«: bulbi and then projected anteriorly and dorsally beyond the epi-

myocsrdial folds (Plate II, Fig. 5). Posteriorly, the endocardial tribes had

Joined the vascular elements in the yolV sac to such extent that the lumina

of the endocardial tubes were confluent v.-ith the lumina of the vessels formed

from blood islands (Plate II, Fig. h).

The bulbi and ventricles of the heart primordia of embryos h^vinp eight

somites lay directly ventral to the wide fore-gut. The onenin^s of the ventric-

ular epi-rayocardial folds had formed to the extent thnt the walla of the bulbi

extended laterally and anteriorly beyond the folds, thus, directing the openings

of the anterior portions of the bulbar epi-myocardial furrows «li«jh.tly posterior

as well as ventrc-medially. The pressure of th* head fold on the tissues

sup orting the anterior ends of the primordia, together with the forces exerted

by the proliferative activity of the epl-myooardial cells, had caused lateral

s- t-r:ui tions of the bulbi to lap over the anterior ends of the ventricles.

The ventricles hrd reacted in life* manner in relation to the atria nrotrudirg

below the atria. The primordia, then, were in the sh-rpe of a crude S, reversed,

when viewed from the ventral aspect. In effect, the cardiac loop had b#«n

instigated before the fusion of the primordia (Plate II, Fir. 6).
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?he endocardial tubes loosely followed the contour of the epi-Tvor-rdia.

Anteriorly, endothelial sprouts twisted fr*» WftMktftl the hulb-r er;l-jryoc">rdla

and followed a course ilorsally around the anterior margin of the fore-gut at

the first aortic arches. Dorsal to the fore-gut, these sprouts MlWMi

into the dorsal aortae; however, no signs of functional circulation were

present.

In eleven somite embryos, the ri(>ht and left mantles h«d ccne together

said fus^o. both dors&lly sad Ten trally in the posterior part of the tr.lhus aal

the -interior part of the ventricle so that ths-: r^. tractive epi -myocardial furrows

were confluent. '.Che mantles at the anterior «uids cf the tnlM h?^ not fised

oorsally due tc the passage of th*» ventral aortic roots. In the anterior end

of the atrium, the mt-ntle» were fused ventrally hut not dor sally ^n* from the

middle of the atria posteriorly, the MMktlM were nnfuseo' srd diverged 'rround

the anterior intestinal portal. The fused portion of the trlum was much eom-

preased dor so-ventrally and the epi-myocardial furro I f red each other nrep-ra-

tory to complete fusion (Plate III, Fig. 5).

Tusion of the two retro-cardiac :latee to form th= dorsal MMMNVCtn

(Plate III, Jig. 3) had progressed throughout the posterior p*rt of the fettlto*

and the anterior h?ilf of the ventricle. In the posterior half of the ventricle

and the anterior end of the atrium, rlorsal fasion of the eci-Tocardta and the

retro-crrc'iuc lates had not yet occurred (Plate III, Flff. 5). Sorar- difference

of size existed in the lateral walls of the atrial e^i-myoc'-'rdla, the left

heing more extensive and thicker than the right. The median ventral wall of

the anterior p rt of the atrium, the middle cardiac plate, had formed by fusion

of the medial parts of the pre-cariiae plates. If there was a medion c rliac

plate anterior to the atrium, it had lost its identity hy disappearance of

epi-myocardial folds. Posterior to the anterior intestinal portal, the atrial
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prlmordia and the omphalomesenteric veins lay In the folds of the splenchno-

pleure bordering the portal. The sisa and thicknese of the left atrial pt§«

aordium w.».i considerably greater than Hm ri**ht. The rotpMon of the atrial

prlmordia wee approximately ninety degrees ro that the opening* of th* «pi-

myoeardial furrows were directly opposite each oth*r preparatory to fn«ten.

The right and left endocardial tube* were completely fueed In the ftftai

of the bulbua and anterior half of the ventricle (Pifte ITT, Tip. J)« Also,

a ahort fused region was present in the aortic Mnw jte*t anterior to th» bul-

bus. In the posterior half of the ventricle, the endocardial tnb*s were in

contact hut the iumina were not confluent, thus, a septcua corr-o^fld of the

Median walls of the endocardial tubes wna present (Plate ITI, ?ig. fc). The

endocardial tubes of the strium remained separate as& diverged posteriorly.

In the anterior region of the atrium, cytoplasmic processes connected the

endocardium to the epi-ayocardiujn. Wo cardiec ^elly was detectable. *"he

endocardial tabes of the paired atrloe were flattered, to confers to the dorso-

ventral compression of the fv^i-myoes'i'dium. As the ep^eetrdial tubes diverged

posteriorly, a sheet of angioblest celle connected the two tube* (?l*te TIT,

Fig. 5). Theae angtoblasts probably has originated during th# four to five

somite stage, and added to the endocardial tub** *s well as forming the median

sheet which extended anteriorly to the site of fusion of the atrial rrtmordia

and posteriorly to the middle of the omphalomesenteric veins. Posteriorly*

the angioblaat sheets projected medially from th« «»n/lothelia of the osr-halo-

meeenteric veins and extended below th* retro-cardiac rlate to the Inner walla

of the pplanehnopleurio folds (rlate III, Pig. <5).

The heart of thirteen somite embryos had undergone marked rrcnrese in the

formation of the cardiac loop. The ventricle had been forced ventrally and fct>

trallyj the atrium was directed ventral lp into the ventricle, and the ventricle
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opened dorsally Into the bullae (Flate IV, Fig. 2). The anterior dextral well

of the ventricle was slightly extended; however, not eo sharply as the left

wall. The anterior end of the atrium wae projected slightly over the rosterior

portion of the ventricle hut lateral hotlgsa had not formed in the atrial walls.

Hie pericardial coelom had enlarged in volume reaching from the fold -oster-

iorly hehind the atrium and ex-ending laterally confluent with the extra-

embryonic coeloa. Cardiao Jelly was preeent in all regions of the heart, The

ei-myocardium wa» fused dorsally and ventral ly throughout the extent of the

ventricle and anterior atrial region. In the anterio-doreni end. of the bulhus,

the epi-myocardial fold* remain eontlnuouely separate for the departure of the

ventral eortae. The epi-myoeardial folds had not fused on the dorsal side

of the median portion of the atrium, although the endocardial tuhes hrd fueed.

There were erythrocytes present in the heart, indicative of functional cir-

culation at this stafe.

The embryo having fourteen eomites (Plate IV, Wp. l) had a cardiac loop

which was in the form of en S from the dorec-1 perspective. The rtftot wall

of the ventricle was corspieuouely distended into the riflht half of the peri-

cardial coelow. The left wall of the vsn*ri<*le was also expanded hut not so

much as was the right. The interior end of the atrium hmd bulged dereally

and an'eriorly over the e trio-ventricular sulcus, Approximately two-thirds

of the atrium was fueed. The unfused portions were directed sharply around

the margin of the anterior intestinal portal toward the axtrr -emhryonio

splanahnopleure. The first pair of *ortie arches were in the prime of func-

tion. Erythrocytes were present in the heart and dorsal aortae indicative of

a complete circulation.



15

ur embryos were studied ijg vivo and oh nervations were made of the oite

and rate of the myocardial contractions. The eleven --ni> <=:>ryo w&e the first

con;;i : ". The waves of myocardial contractions originated m% the atrio-

ventricular sulcus, md proceeded anteriorly through the left vail of the ven-

tricle M fz? as the hulbo-ventricul at ?uicus. The right wall of thp ventricle

was not involved in thf* contraction. The actual contractions consisted of

rhythmical bsats occasionally giving way to rapid fibrillations. The rate

of the rhythmical contractions irrespective of the fibrillations was 98 beats

per minute.

A twelve somite embryo, cuite 3inilur to the thirteen somite embryo

presented in Plate IV, Fig. 2, hnd I rhythmical heat interrupts or mm oc-

casions by fibrillations. The contractions occurred in the left wall of tbe

ventricle and originrt'd at the <s trio-ventricular sulcus. The atrial region

had not yet formed ii\3 contractions were ;bsent in the laterally c'irecled ca-

-enteric veins. The rate of the ccntr.HCtionp was llh beats per minute.

T]-ie thirteen and fourteen M Vf*t h?.«t myocardial contractions of

imil>.r ni'ture to the twelve somite embryo. Erythrocytes were observed in the

ventricle of the fourteen MBit ibrye -~\r . --sting I function-*! ciroul^tior.

between th" '-irbryo and the extra-embryonic spl -.nchno-. 1 enre.

DISCUSSION

"he three moat lflptrtaftt components of the enbryo which have «, direct

role in th* process; of c^rdiogenesis are the nanio-carcUac vesicles which later

form the pericardial cavity, the endocardial manses which form fch*> erdocaroiua

of the h.-virt, and the epi-myoc r"i>.l r/sntles vhich h|0H< the eoicardiura

myocardium of the heart. Some viter* (Cos?, 1052; Toshinega, 19%l) have

•
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stated that these occur embryonically in the order in which they hrve "been

listed. The work which has been done on the c?»:rdiogenesi8 of certain eanid

embryos has resulted in findings which in part verified this long standing order

for the Canidae . There ia a cuestion as to which is formed first, the amnio-

cardiac vesicles or the epi-myocardial mantles. By the careful Rtudy of the

cells of the lateral mesoderm of pre-somite embryos (Flate I, Fig. ?> , it was

evident that the proliferations directly ventral to the lateral limiting sulci

were in effect the sites of the future bilateral cardiac primordia. Then by

comparing the two somite embryo with five somite embryos it could be seen that

the amnio-cardiac vesicles arose as a result of a si^lit which had formed in

the proliferated lateral mesoderm. In embryos having five somites, the amnio-

cardiac vesicles were well developed posteriorly; however, anteriorly, opposite

the fore-brain they were slit-like and finally, farther anterior at the level

of the head fold, they did not exist at all. In the region opposite the fore-

brain, the vesicles had formed independent of any marked proliferation of the

mesoderm indicative of mantle formation. Thus, the vesicle formation was

instigated at th* site of the mesodermal proliferation in three to four somite

embryos and immediately preceded the formation of the en i-myocardial mantles.

Likewise, the proliferation of the angloblasts had not occurred -srior to

mantle formation. These cell* proliferated from the ventral si^e of the

retro-cardiac plates and the lateral mesoderm medially to the notoohord.

After proliferating from the mesoderm, they becrme arranged in sheets one to

two cells thick which (Plate III, Pig. 5) at the time of the close approxi-

mation of the primordia uonrected the endocardial tabes and brought about their

fusion by the successive formation of vesicles (nngiocysts) . Ooas (lQ'HJ)

in describing the rat and Toshinaga (1921 ) in describing the guinea pig state

that the angloblasts arose in pre-aomi+.e to one somite embryos; however, in

the cat (Schulte, 1Q16) this occurred later.
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In a six somite embryo (?6lb), the lateral amnio-cardiac vesicas had

hecome confluent immediately interior to the head fold. Thus, the vesicle was

U-shaped, the cranio-median arc eorresnondtng to the curve of the TT. The

fluent description of Bonnet's (1901) observations of the Pleuro-Perlcardialhohle

(amnio-eardiac vesicles) in the dog was supported by this study.

Consideration of the relationships existing "between the endocardia and

the epi-myocardia of the dog has resulted, in the placement of the epi-myoeardial

mantle formation prior to the formation of the endocardial masses. In the

six somite embryo (76lb), the masses were connected to and later lost among

the cells of the mantles, both in the anterior and posterior limits of the

mantles. This indicated that in th* dog the mantles were present before

endocardial tissue had appeared. Yoshinaga (19°l) in describing the guinea

pig and Goss (1952) in describing the rat, stated that the reverse was true

and their statements were well suprort^d with detailed drawings; however,

endocardial cells were not observed before mantle formation in the dog.

The differentiation of the endocardial masses occurred by a successive

formation and coalescence of vesicles which began in the median part of the

primordia of four to five somite embryos and progressed both anteriorly and

posteriorly. Anteriorly, differentiation of the masses to endocardial tubes

progressed until the endothelial sprouts, the primordia of the ventral aortae

formed in embryos having seven somites (Plate II, Pig. 5). Posteriorly,

endocardial tubes had formed to the limits of the mantle (Plate II, Fig. l)

and had fused with the vitelline capillaries in embryos having seven somites

(Plate II, Pig. k).

The mantles, as observed in embryos having five to six somites, were

relatively parallel to the midline of the embryo and unmarked "by expansion;
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however, In embryos having seven somites (Plate II, Fig. 5), the primordia

had shifted medially and were divisible Into "bulbar, ventricular, and atrial

parts. Several workers have described sub-divided mantles prior to fusion in

the eat (Martin, 1902} Sehulte, 1916) and the ferret (Wan;?, 191?). Bonnet

(1901) went on to describe a do* embryo In which the bilateral primordia were

eub-divided into ventricle, atrium, and ainus venosus; however, it is the

opinion of the writer that Bonnet mistook the bulbi for the ventricles, the

ventricles for the atria, and so on.

The median shifting of the primordia was culte pronounced in embryos

having eight somites. Considerable rotation hnd also occurred causing the man-

tles to be tipped on their sides, the api-myocardlal furrows or>en«d toward

each other preparatory to later fusions. By comparing embryos h* ving sight

somites with those having eleven somites, it was evident that actual fusion oc-

curred in the nine to ten somite stages. The first parts which underwent fusion

were the posterior part of the bulbi and the anterior part of the ventricles.

The fusion of the original lateral walls of the mantles and the pre-cardlae

plates occurred first, forming the ventral wall of the heart: later, the orig-

inal medial epi-myocardial folds fusad forming the dorsal wall of the heart; by

thirteen somites (Plate 17, Tig. 2), both the dorsal and ventral walls of the

heart were complete posteriorly to the diverged posterior atrial primordia.

fusion of the endocardial tubes occurred subseruent to the formation of

the ventral wall of the bulbus and of the anterior end of the ventricle. The

fusion was effected by th*» angiocyste (vasiculated angloblast tissue), the

endocardial tubes becoming confluent by a progressive coalescence of vesicles.

The formation of the dorsal mpsocardium by tha fusion of the retro-cardiac

plates was first apparent in eleven somite embryos and was eomrlete from mid-bulbus
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to the fused atrium In embryos having thirteen somites. The ventral meso-

cardiuro failed to persist except for a short area in the wake of the margin

of the anterior intestinal portal, thus substantiating Robinson's (1902) declara-

tion that the ventral mesocprdiun is absent in all mammals. Sehulte (1916)

in describing the fusion of the mantles in the cat said there were two faetort

which influenced the formation of the mesocardia, the width of the fore-gut

and the original position of the bilateral cardiac primordia. The sheet of

splanchnic mesoderm intervening between the mantle and the medial angle of the

amnio-cardiac vesicle is designated the retro-cardiac plate, so, that between

the mantle and the lateral angle, the pre-cardiac plate (Plate I, Figs, k, 5).

If the retro-card lac plates are narrow relatively to th» fore-gut, the mantles

will be widely separated upon fore-gut closure and the ventral mesoc- rdiura

will precede the dorsal in formation. This type occurs in the dog, and eat,

with some peculiarities recorded below. If, however, the retro-cardiac plates

are broad relative to the width of the fore-gat, the formation of the dorsal

mesocardium will be accelerated.. The guinea pig is an example of the letter

type. The third type, as occurs in the chick where the retro-cardiac end pre-

cardiac plates are of such proportions that the florsal and ventral raesocardla

are formed at the same time, is a modification of the two previous types.

Considering the dog in relation to the types mentioned, it is evident that

due to the late formation of the dorsal mesccnrdlum and rather early eloeur*

of the ventral wall of the heart, the dog belongs to the first type, also

characterised by the cat. Sehulte failed to completely explain the absence of

the ventral mesocardium and the presence of the middle cardiac plate which

forms the floor of the h«ar t booming increasingly wider toward the posterior

(Plate III, Fig. 5). If Sehulte hrrt tU&y observed that the greater part of

the pre-cardiac plates go Into the formation of the ventral wall of the heart,
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no problem would hrve resulted. With the greater T> r rt of the pre-eardiac plate

involved In the heart formation, a relatively small amount, rot enough, was

present for the formation of the ventral mssocr-rdium. Thus, with insufficient

tissue available for its formation, the ventrnl m«sooaj"diuM was progressively

eliminated as soon as it was formed ir th^ Mfcl of the interior intestinal

portal.

The dorsal m*soc*.rdium persists until fourteen somites when the formation

of the cardiac loop necessitates its obliteration. It breaks first at the

bulbo-ventricular Junction, proceeding posteriorly to the atrium in embryos

having fifteen somites.

?or the most part, cardiogenesls in the 6op corresponds closely with tha

conditions prevailing in the eat. Further consideration of cnid enrdiogenesis

in relation to the genornl pattern of mamnalisn heart development as inter-

preted by Ooss (1952) resulted in the placement of the dog at the end of a

series beginning with the rat which has unusually large bilateral primordia

fusing early and. ending with the c.-.t which has smaller, more independent pri-

inordia which persist for relatively long intervel prior to fusion. The

tentative arrangement of ftoss, as amended by the writer, begins with the rat

and continues with the sheep, guinea pip, mmapftals* ferret, man, rabbit,

cat and finally the dog which has the most persistent rv* individualistic

bilateral cardiac ?>rimordia.

The earliest myocardial contractions vMoh have been observed in th* dog

occurred in eleven somite fimbryos in. which fusion of the epl-myecardia and

endocardia had commenced. Myocardial contractions h-^ve been observed much

earlier in the paired prlmordia of the rabbit (7>wlnrel , 19?9) and the mt

(Goes, 1938). In both th- rabbit and the rat, the epi-myocardia were con-

siderably expanded and according to Dwinnel , this Is a criterion for th^
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determination of the onset of contraction in the paired primordia. It is

evident then that contraction of the primordia of the dog occurs in embryos

having seven to eight somites.

The myocardial contractions of the eleven and twelve somite embryos were

occasionally interrupted by fibrillations. Nordmann ond Rather (1931) explain

interruptions of the heart rate as due to nutritional variance. Patten and

Kramer (19^9) in studying the chick came to the conclusion thet unfavorable

culturing conditions were the cause of changes of the rnte.

So it appears, therefore, the rate of the heart of embryo? Is extremely

variable, the variance attributable to a multiplicity of extrinsic and intrin-

sic factors. Probably more important than th* rate Is the site of and the

origin of the contractions. In the dog, the contraction originate? first in

the posterior part of the ventricle—the atrio-ventrieular snleus. The first

beats occur only in the left wall of the ventricle.

Further work along this line is contemplated.

SUMMARY

1. Canid cardiogene3is is instigated in early three to four somite embryos.

2. The amnio-cardiae vesicles, the er>i-myocardial mantles, an** the

endocardial masses occur embryonically in the order stated.

3. The median shifting of the bilateral cardiac primordia begins in six

to seven somite embryos.

4. The epi-myocardial mantles fuse first on the ventral *id» of the heart

in embryos having nine to ten somites. Fusion on the dorsal sl^e begins directly

in embryos having eleven somites.

5. Epi-myocardial fusion precedes fusion of the endocardial tubes.
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6. The ventral mesocardium is practically absent in canids.

7. The tentative arrangement of the types of heart formations of

mammals, as arranged by Ooss, based on the relative persistence and individuality

of the priraordiu has been amended by the dog, adjacent to the cat in the ar-

rangement.

8. The earliest myocardial contractions observed originated at the atrio-

ventricular sulcus and proceeded anteriorly throughout the left wall of the

ventricle in embryos having eleven somites.
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PLATE I

Explanation of Figures

fig. 1. Drawing of dog embryo l6Ts. Dorsal view. 17x.

Jig. 2. Drawing of a transverse section of dog embryo l6a. The sec-

tion corresponds to line H. F. on Fig. 1. 5^x.

Fig. 3. Drawing of coyote embryo 76ln. Dorsal view. l?x.

Fig. if. Drawing of a transverse section of dog embryo 11711). '"he sec-

tion corresponds to line A.C.V. of F*g. 3. <0x.

Fig. 5» Drawing of transverse section of dog embryo 17I.b. Th» sec-

tion corresponds to line E^'C. of Fig. 3. 50x.

Fig. 6. Detail drawing of the cardiac primordia of coyote embryo 76] a.

Dorsal view. 50x.

ABBREVIATIONS FOR ALL FI (HIRES

A.C.T. , Amnio-cardiac vesicle
A.I.F. , Anterior intestinal portal
A.L.S., Anterior limiting buIcui
ATR., Atrium
B.A. , Bulbus arteriosus
BL. I., Blood island
C, i*ericardial coelora

C.J. t Cardiac Jelly
D.AO., Dorsal aorta
DITIC., Diencephalon
EHD'C, Endocardium
END'C.S., Endocardial septum
F.O., Fore-gat
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PLATE II

Explanation of Figures

fig. 1. Drawing of dog embryo H7La. Dorsal Tie*. 17x.

Fig, 2. Drawing of dog embryo *+5R. Ventral view. 17t.

fig. 3. Drawing of dog embryo 115L. Ventral view. 17x.

Fig. b. Detail drawing of the fusion of the endocardium with the extra-

embryonic vascular elements. The draving corresponds to the area outlined

on the drawing of embryo **5R. 2?.$x.

Pig. 5. Detail drawing of the cardiac primordia of dog embryo 1*5R. 50x.

Pig. 6. Detail drawing of the cardiac primordia of dog embryo 1151. 50x.

ABBREVIATIONS FOR AIL FIGtTHSS (eont.)

F.B., Forebrain
H.B., Hindbrain
H.P., Head fold
H.MF.S., Head mesoderm
L.L.S., Lateral Limiting Sulcus
L.MJS., Lateral mesoderm
M.B., Midbrain
M.C.P. , Middle cardiac plate
MSSEKC, Mesencephalon
METSNC, Metencephalon
M.O., Midgut
M'S'C.D., Dorsal mesocardium
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PLATO III

Explanation of Fifwres

Pig. 1. Sketch of an eleven somite dog embryo for a glide to the trans-

verse section of dog enhryo 120Rd. l?x.

Fig. 2. Sketch of the heart of an 11 somite dog etnoryo. 120Hd. 50x.

Fig. 3. Drawing of a transverse section of do/» e^ryo 120Id. The sec-

tion corresponds to line AA' of the glide. 50x.

Fig. b. Drawing of a transverse section of dog embryo 120Ld. The sec-

tion eorres *>nds to line KB* of the guide. 50x.

Fig. 5» Drawing of a transverse section of dog amhryo l?01d. The sec-

tion corresponds to line CC» of the glide. $0x.

Fig. 6. Drawing of a transverse section of dog emhryo 120Ld. The sec-

tion corresponds to line DP 1 of the glide, 50x.

ABBRBTIAT10BS FOR All FIGURES (cont.)

M'S'C.V., Ventral nesoeardium
HYELEHC, Mylencephnlon
N.C., Heural crest
N'CH., Hotochord
H.F., Neural folds
N.G. , Neural groove
PH. , Pharynx
P.P., Precardiac plate
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PLATE III

M'tfC.V.

Fig S
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PLATE IV

ISbcplanation of Figures

Fig. 1. Drawing of dog embryo 138la. Dorsal view. 20x.

Fig. 2. Drawing of a longitudinal section of dog emoryo ll8Lb. $Qs.

ABBREVIATIONS FOR ALL JTGT7HSS (cent.)

R.P., Retrocardiao plate
S.l, S.2, etc., Somite and number

T.F.AM., Tail fold amnion
V.AO., Ventral aorta
VH5., Ventricle
V.O.M. , Omphalomesenteric rein
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ABSTRACT

This study of eanld eardiogeneals was made on a series of pre-somite,

•arly sixteen day embryos to fourteen somite, late sixteen day embryos, over a

span of only twenty hours and fourteen somites. Results were compared with

descriptions of eardiogenesls in the eat, guinea -ig, ferret, rat, r -"~Mt, and man.

In the dog embryos studied, oardiogenesis "began early on the sixteenth

day of gestation in three to four somite embryos. The rmlmordia were located

in the splanchnic mesoderm ventral to the lateral Uniting sulci and con-

sisted of epi-myocaxdial folds hut without differentiated endocardial tubes.

In fire and six somite embryos, the prlmordia consisted of epi-nyocardia

and endocardial tubes which extended from the nidhrain to the posterior limits

of the head mesoderm. By comparing the fire somite embryos with two somite

embryos, it was evident that the aainio-c-irdia | vesicles (coelom prlmordia),

the epi-myocardlal mantles (primordial layer later differentiating to tpi*

cardium and myocardium in the adult) and the endocardial tubes (priraordia

of the adult endocardium) arise embryonieally in the order named. The median

shifting of the prlmordia was evident in *ix to seven somite embryos taken

from uteri during the middle of the sixteenth day of gestation. The epl-

myocardlal mantles fused ventrally in embryos hiving nine to ten somites.

Progressive fusion of the prlmordia was evident—most pronounced in the bnlbo-

ventriculr regions and continuing both anteriorly and posteriorly in older

sabryos. Fusion was complete in the bulbus, ventrice, and anterior half of

the atrium in embryos having fourteen somites removed from uteri during the

latter part of the sixteenth day of gestation. It was evident that epi-

myocardial fusion preceded the fusion of the bilateral endocardial tubes.

The fusion of the epi-myoeardla ventrally, associated with the flooring-in



of the fore-gat, resulted in the absence of a ventral mesoeardium, an ob-

servation which coincided with previous descriptions of mammalian eardio-

genesis. It was observed that the cardiac primordia persist in the unfused

condition for a much longer time than in the mt, rabbit, iieep, marsupial, or

ferret and huaan embryos. The observations have made possible the inclusion

of the dog in the series of Mammalian carcliogenesis "based on the relative

persistence of the bilateral condition of the prlraordia. ?he tentative ar-

rangement of the series proposed by Posb rov is a» follows: rat, shee^,

guinea pig, marsupials, ferret, man, rabbit, cnt and dog.

The study of canid embryos j£ vivo has revealed that the early myocardial

contractions occur in the left wall of the ven^rirle proceeding anteriorly

from the atrio-ventricular sulcus of the single tubular heart, "he rate in

creases from 98 beats per minute in eleven somite embryos to 11** "beats per

minute in fourteen somite embryos. Further work is contemplated pertinent to

the physiology of the embryonic heart contractions.


