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INTRODUCTION

The development of vascularization in the mammalian embryo and changes
from embryonic to definitive circulation has been severely neglected during
the general progress of science and the rush of new and exciting areas for
investigation, Many scientists, including some morphologists, consider that
all the developmrental anatomy that we need has been completed,

On the contrary, all scientists involved directly with developmental
anatomy, whether they are anatomists, teratologists, pathologists, or
geneticists, repeatedly find gaps in our knowledge that prevent proper
interpretations of normal versus abnormal, induced versus spontaneous, or
genetic versus accidental variations,

Increasing complexities are encountered in trying to interpolate embryonic
structures to fetal and definitive states, Great numbers of detailed develop~
mental studies have been consumated on early embryocnic development and
reasonable studies have been made on fetal structures, but extremely few and
fragmentary studies, mostly philosophical, have been done on that awkward
stage that 15 too late to be embryonic and too early to be considered fetai.
The individuals are too small to be dissected, too large to be serially
sectioned, and too complex to be imagined., Unfortunately, many of the trans-
formaticns from embryonic, phylogenetically archaiac structures to definitive,
functional structures occur during this inadequately studied period,

In view of known deficiencies in the knowledge of embryonic—fefal changes,
the Kansas State University Embryology Laboratory, under the auspices and
with the support of the Kansas Agriculture Experiment Station, has amassed a
large number of bovine embryos and early fetuses for use in such studies,

That collection was available and used for this study.



The present study was initiated in an effort to establish a more
realistic, documented story of the changes in the blood vessels of the
trunk of bovine embryos from 39 to 60 days gestation, Vascular development
up to 39 days development was done by Byrnes (1973), and the details of
heart development for this period was the object of studies by Smith

(1970),

LITERATURE REVIEW

The development of the major blood vessels was first described und
interpreted on a phylogenetic comparative basis by such pioneers as Xingsley,
1917 and Nelsen, 1953 and a fair understanding of the total process was de-
rived from these generalizations,

The dorsal aorta is derived by fusion of the two originally ceparate,
paired aortae and is modified such that the five original definitive pairs
of aortic arches in the pharyngeal region are reduced to the systemic arch
(ieft fourth aortic arch) in the thoracie region, while the remnants of
aortic arch 1, 2, and 3 remain within the head, According to Patten (19433,
the trunk of the common carotid arteries are the remmants of the third
aortic arch, The major portion of the commen carotids are formed by the
ventral aortic root.

The subclavian arteries orginally consisted of branches from interseg-
mental arteries C-5 through T-3 but are progrossively reduced to C-7 by
the time the cartilagencus bone models begin to form =~ about day 30 in
the bovine eubryo (Warwick & Williams, 19733 Byt nes, 1973)., The base of

each subclavian artery gradually "walks up™ the dorsz) aorta so that by



40 days development, it emerges from the dorsal aorta on the left side
immediately opposite the junction of aortic arch 6 and on the right it is
continuous with the base of old aortic arch 4 (Byrnes, 1973),

The segmental (intersomitic) arteries have been variously numbered, and
inconsistently described., Byrnes (1973) described the segmental arteries as
consisting of 5 pairs of occipital arteries, all from the radices aortae, 7
pairs of cervical arteries, 13 pairs of thoracic arteries, and 6 pairs of
lumbar arteries, all from the dorsal aorta, Patten (1968), Arey (1968), and
Warwick & Williams (1973) ignored the transient occipital arteries, and con-
sidered the subclavian arteries to be the seventh pair,

The iliac arteries, like the subclavians, begin as branches from a series
of segmental arteries (L~5 to S-2) that coalesced and reduced to a single
S-1, Since the original body stalk was in the sacral region, the same set
of arterioles expanded to the allantios, so it ezppears that the allantoic
arteries arise from the iliacs (Byrnes, 1973), The umbilicals, however,
have beendescribed as the fourth of four vessels which remain after the
degeneration of the vitelline arteries, (See Medial Arteries to Gut, below)

Mesonephric arteries, according to Nelsen (1953) are merely tranches
of the segmentsl arteries, and to other workers (Patten, 1968) are derivatives
of the segmental arteries, Byrnes (1973) described them as an entirely
separate entity. That is, they arise independent of the segmentals as out-
growths off the dorsal aorta. Arey (1968) furtier described the subsequent
loss of the majority of these vessels as the mesonephros degenerates leaving
only paired vessels to the suprarenal, kidney, and gonad remaining in the

adult configuratiens,



Medial arteries to the gut were described by Patten (1968) as consist-
ing of the celiac, superiér mesenteric, and inferior mesenteric which are
formed from paired ventral segmental arteries by these paired vessels being
pulled into approximation of each other by the developing mesenteries,

These vessels were described as being derived vrom the wventral branches
primitively constituting the paired vitelline arteries to the yolk sac and
allantois, As the paired dorsal aortae combine, single ventral vessels were
formed apparently by fusion, Further degeneration of these vessels results
in four vessels remaining, three of these passing by way of the mesenteries
to the gut and becoming, craniad to caudad, celiac, superior meszenteric, and
inferior mesenteric arteries (Arey, 1968). The remaining, fourth pair con-
tinues as the umbilicals (Nelsen, 1953; Patten, 1968),

Studies on development of the veins have been even less consistent than
have those of the arteries., The early mammalian embryo with 25 to 50 somites
has a system cf cardinal veins comparable to those of a dogfish shark (Arey,
1968), The capillaries from the forelimb empty inte the anterior cardinal
veins, and gradually condense into subclavian veins (Patten, 1943), The
anterior cazrdinal veins remain directly as the intermal jugular veins: the
Tipght commen cardinal remains as the anterior vena cava, and a transverse
connecticn deveiops between the left anterior cardinal-subclavian junction
to the right ccmmon cardinal as the "innominate vein”., The left common
cardinal then deterisrates except for the segment reraining as the coronary
sinus (Patten, 1%63; Avey, 1968),

The iliae veins are the remains of the old post eardinal veins and

exit the body cavity around position I~5 to $-1 (Arey, 1968),



The mesonephric veins are formed by the anastamosis of the embryonic
veins of the abdomen, Tht_;se consist of the subecardinal anastamosis, and
supra-subeardinal anastamosis. These anastamosies remain functional in the
adult as the renal portion of the posterior vena cava (Arey, 1968),

The posterior vena cava is a composite vessel which gradually takes
shape by the enlargement and straightening of originally small, local channels
which are pressed into service as the degeneration of the posterior cardinal
veins occurs which begins first in the area of the subcardinal sinus
(Patten, 1968), The subecardinal sinus is formed by the mesonephros forcing
the subecardinal veins into close association resulting in the fusion of
these vessels (Arey, 1968), The formation of the posterior vena cava begins
in the pre-renal area by a coalescence of small branches which reach between
the head of the right mesonephros and the lower part of the liver, the
renal portion from the subcardinal anastamosis, the area between the renal
portion and the iliacs forming from the right supracardinal vein, and
finally the common iliacs forming from the post cardinal veins (Patten,
1968), The pesterior vena cava has also been described as consisting of
four portions by Arey (1968):t (1) an hepatic segment which is derived
from the hepatic vein (proximal right vitelline) and hepatic sinusoids, (2) a
pre-renallsegment from the subcardinal anastamosis, (3) a renal segment from
the supra-subcardinal anastamcsis and (4) a post renal segment from the right
supracardinal. The renal veins appear as the kidney becomes functional
and reaches its final position, and drain inte the supra-subcardinal anastamo-
sis (Warwick & Williams, 1973). The gonadal veins are the remnants of the

paired subcardinals below the kidney (Patten, 1968; Arey, 1968).



MATERIALS AND METHODS

The embryos used in this study were obtained from the collection made
by Dr, H, T. Gier, Division of Biology, Kansas State University. Those used
constituted a continuous series of 41 embryos 39 to 63 days development,
Twenty-three of the embryos were of known age and were obtained from the
Kansas State University dairy herd (TABLE 1). The other embryos were col-
lected from area abattoirs and aged by the method described by Gier and
Marion (1960) on the basis of weight, crown-rump, contour, head and foot
measurements, Ovulation was considered as zere time for calculating the
age of an embryo.

The embryos obtained during the course of this study were fixed by
perfusion with ten per cent formalin, then immersed in Bouin's fluid,
washed, dehydrated in a graded series of isopropyl alcohol, embedded in
paraffin, and sectioned at 15 or 20 mu, Sections were cut either trans-
versely or sagitally (TABIE 1) and stained with periodic acid-Schiff reagznt
(PAS) followed by Harris hematoxylin or with Harris hematexylin followed by
acid fuchsin, or Mallory's triple stain. Each embryo was stained b¥ two or
mere methods using alternate slides within a series for each stain,

Critical sections were routinely photographed, Selected embryos were
graphically reconstructed by making microprojection outline drzwings of
sagittal sections on acetate transparencies, Composite sketches were then
made from the transparencies with further details added from cross-sections
of equivaleni-age embryos,

Four dissections were mads on fetuses that had arteries injected with
liquid latex (TABIE 1) to establish an overall picture of definitive

structures. Thotographs were made of these dissactions,



TABLE 1: BOVINE EMBRYOCS USED IN THIS STUDY

Embryo Age in Crown-tump Contour Type of
number days length (mm) (mm) section?
620-6 38 20 48 L
163 39 24 —— L
696 40 ——— —— X
169 41 23 53 L
583-6 41 o—= —— X
1 41 e -— L
600-3 42 21 56 L
600-58 43 32 55 L
75 43 24 56 X
195 44 24 58 L
551 44 e -—— X
583-17-4 44 ———— P, L
600-54 44 34 —— X
600-27 45 25 — X
724 45 26 s X
583-8-6 45 e — X
583-1 45 ——— — L
583-11 46 — ——— X
437 48 39 83 L
600-56 48 46 82 L
209 49 42 92 X
385-12 49 35 78 L
274 49 35 76 X
583-17-3 49 ———— —— X
583-17-2 49 —~—- -—— X
709 50 44 82 X
577-3 50 40 88 X
€07 50 41,5 89 X
620 50 49 163 X
577-2 51 52 110 X
600-57 51 52 100 L
300 52 42 g0 X
144 52 49 100 X
579 55 52 100 L
342 58 61 111 L
810 60 78 120 X
349 62 81 145 X
812 63 87 140 L
900-7 56 60 112 D
900-8 56 —— ———— D
1042 150 O ——— D
Y X=transverse L=sapggital D=injected and dicsected



OBSERVATIONS

This report is a continuation of the work ccmpleted by Byrnes, 1973,
which covered the vascular development of the bovine embrye from day 21
through day 39 of gestation,

Although embrvos of every day stage from 39 through 69 days were pro-
cessed and examined, essential changes can be well illustrated and described
by embryos differing in age by approximately four days. Consequently, stages
39, 44, 51, 56, and 60 days will first be considered, then changes hetween
these stages will be evaluated in a continuous manner in discussion of each

vessel or complex of vessels,

VASCULARIZATION OF THE 39 - 40 DAY BOVINE EMBRYO

Three embryos constituted the basis for this stage, and thz illustra~
tions are essencially those prepared in the previous study by Byrmes,
ARTERIES, The essentials of the adult arterial circulation are established
in the 39 day embryo. The dorsal aorta has establisked itself medially alonz
the dorsal body wall ventral to the developing vertabrze from vertebra -7
thoough E~1 znd has welil-defined intersomitic arteries occuring as branches
whirch course between the somitic derivatives from T-4& through S-1,

The exterrnal carotid arceries, from the cormmon carotid artery to the
lingual-mandibie bifurcations (Fig. 1), are formed by the elongation and
medial splitting of the aortie sinus between the second and third aortic
srches, The ocnmon caretid arteries are formed by the splitting and elon—
gation of the asrtic sinus between the bases of aortic arches 2 and 4
(Fig, 1), Tre tourth acrtic arch on the Tight side rerains 25 the vase of
the right subclavian, while the left fourth aortic areh rerains as the

adult zortic sroh, The left sivth aortie areh remains ss the pulnonary



trunk from the right ventricle to the bifurcation of the pulmonary arteries
and continues to the dorsal aorta as the ductus arteriosis (Fig, 2). The
right sixth aortic arch was completely closed by day 35 and so is no longer
present, The subelavians at 39 days result from the expansion of the orig-
inal segmental artery, C-7, between the last cervical and first thoracic
vertebrae,

Of the 13 or more pairs of original vitelline arteries formed in the
embryo, by 40 days there are only two single arteries to the gut as a re-
sult of the pairs either joining (Arey, 1968) or one of the pairs degener-
ating, The mecst anterior of those remaining is the superior mesenteric,
ventral to L-1 and the other is the inferior mesenteric, ventral to L-5,
The celiac artery, here ventral to T-13, L-1, was described by Patten
(1968) and Arey (1968) as being originazily a vitelline artery, However, in
the bovine embryos the original vitelline arteries in this region degenerate
to a single vessel, the superior mesenteric artery. There is no artery
entering the stomach until day 30 when a definitive celiac artery is formed
approximately one-half somite length anterior to the superior mesenteric
artery (Byrnes, 1973),

Of the original 20+ pairs of mesonephric arteries from C-6 through
1~-5, the anterior mesonephric arteries have degenerated leaving 11 pairs
in the posterior thoracic and lumbar region,

The umbilical arteries appear as the posterior branches of the dorsal
aorta, running posterolaterally, then ventrally through the body wall into
the umbiliecal cord. The external iliac arteries appear as direct lateral
branches from thz umbilical arteries, while the intermal iliac arteries are
continuations of the dorsal aorta at the base of the umbilical arteries,
The caudsl artery originates on the median deorsal surface of the dorsal

aorta Datween the bases of the umbilicsl arteries end extends caudally
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down the median dorsal body wall along the ventral surface of the sacral
and caudal vertebrae.

VEINS, The original cardinal system has been only slightly modified by
this time, The anterior cardinal weins can now be calied jugular veins,
The right common cardinal has maintained its size and remains azs the trunk
of the superior vena cava, The left common cardinal, however, is somewhat
reduced and persists around the atrio-ventricular sulcus as the coronary
sinus, opening into the sinus venosus caudomedially to the opening of the
tight common cardinal vein. The left common cardimal vein continues to
carry blood from both the left anterior and posterior cardinal veins.

Supracardinal veins are continuous throughout the iength of the
mesonephroi, connecting at irregular intervals laterally with the post
cardinals and ventrally with the subszvdinal veins which are confined to
the lumbar pertion of the mescnephroi,

The posterior vena cava is a compound vessel which can be considerad
in sections, relating to the oripgins of each. The thoracic vena cava is
continuous anteviorly with the sinus venosus and superior vena cava and
caudally at the diaphragm with the hepatic segment which is primarily ductus
venosus, The h2patiec segment is continuous posterodorsally with the renal
segment, at the point where liver and mesonephros are fused (Byrnes, 1973),
The renal segment of the posterier vena cava is the znastamosis of the
supracardinal and subcardinals, The paired supracardinal veins are con~
tinuous posteriorly from the supra-subcardinal anastomosis of the renal seg~
rent proper, and in turn are continucus posteriorly with the old post-
cardinal veins which are now the intermal iiiac veins, The external iliac

veins mmter the post-supracardinal junction at I~6, S-1,
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VASCULARIZATION IN THE 44 - 45 DAY BOVINE EMBRYO

The major changes in'the vascular system between days 39 and 45 consist
of 1) further posterior migration of the heart, with beginning of the carotid
trunks 2) disintegration of the anterior mesonephriec arteries; 3) establish=
ment of a metanephric artery; and, 4) formation of the innominate vein,
ARTERIES, The dorsal aorta is a large, single vessel originating at the left
ventricle, progressing anteriorly to T-2, and then posteriorly along the
dorsomedial line of the body wall immediately ventrzl to the vertebral column,
The dorsal aorta technicaily ends near 1~5 where it eplits inte the paired
comnon iliac arzeries, The caudal artery leaves the dorsal medial surfaca
of the so0rta at 1-6 and extends along the ventral surface of the sacral
vertebras,

The carotid trunk originates from the anterior surface of the aortie
avceh and runs anteriorly to where it splits at T~i intc the common carotid
arteries which vun anteriorly on either side of the trachea {(Fig, &), The
right subclavian ewerges from the carotid trunk about the middle of T=1 and
Tuns 8lightly anteriorly. The left subclavian artery comes off the antero-
lateral surface of the arch (at T=2) and runs antericrly to the C-7, T-1
junetion,

The segmental arteries are paired branches off the dorsclateral surface
of the dorszl aorta and run laterally between tha zemites and, in the
thoraecic reeicn, between the vibs. Tic three intersomitic arteries to T-1
through T-3 are branches off the coste-cervical artery which is a branch of
the vertebral artery, The connecticns between the origin of the segmentals
off the cdersal acrta and this longitucinal vessel then break down leaving
the verteblral artery coursing anteriorlv from the subelavian and the

anteriov intercestal running peosterierly and supplying a “trunk"™ for Lhe
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segmental arteries T-1 to T-3, The segmentals between T-4 and T-5 to the
final branches between S=1 and S-2 all originate directly from the dorsal
aorta and run laterally between the somites (and ribs in the thoracic region)
and terminate in the ventral body wall,

The nephric arteries now consist of six pairs of mesonephric arteries
and a single pair of metanephric arteries, The first pair of mesonephric
arteries not only serve the anterior-most aspect of the ﬁesonephros but
have now sent a branch to the developinp suprarenal gland which is becoming
a well-developed organ. The secoend pair of masonephric arteries serves only
the anterior part of the mesonephros. The next three pairs of mescnephrirs
arteries supply only the mesonephros, The posterior-most mesonephric
artery sends a branch into the posterior end of the gonad,

The iliac-umbilical arteries constitute a series of branches off the
aortic trunk, The external iliac arteries branch off the base of the
umbilical arteries approximately one-half a scmite length posterior te the
origin of the umbilicals, The circumflex iiiac (ileolumbar) arteriec arc
branches off the external iliac and continue laterally while the external
iliac arteries run posterolaterally toward the hind lirbs, The internal
iliac arteries are a bilaterally symmetrical pair continuous posteriorly
from the base of the umbilical arteries along the ventrolateral margin of
the sacral vertebrae.

VEINS, A single pair of jugular veins run ventrolateral to the trachea
from the head to the common czrdinal veins, A new vessel, which consists
of a single capillary, comnects the left subelavian-jugular junction across
the ventral surface of the trachea to the Tight antericr cardinal posterior
to the subclavian-jugular junction, 7This vessel will soon expand to form

the definitive irmominate vein,
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The anterior wvena cava is the old right common cardinal vein and a rel-
atively short seetion of the old right anterior cardinal. The anterior vena
cava extends from the right atrium to the innominate=-jugular-subeclavian
connection and is not noticeably changed from the condition noted at 39
days. The left anterior cardinal vein from the jugular-subclavian junction
to the common cardinal is not noticeably smaller than the comparable vessel
on the right as the innominate vein is not fully functional at this time,

The segmental veins of the thorax empty into the posterior cardinal
veins, Segmentals of the lumbar region empty into a large compiex -- the
supra-subcardinal anastomosis, The mesonephric veins empty intc the
supracardinal vein and supra-subcardinal anastomosis. The metanephric
(renal) veins are lateral extensions of the supra-subcardinal anastcmosis
at L-3,

The old posterior cardinal veins remain as the internal iliac veins
which extend from the common iliac vein at L-6 into the pelvic cavity,

The left common iliac vein forms a bridge between the two old post-cardinal
veins at L-6 so connects left and right iliac complexes, The external

iliacs join the common iliac near the posterior margin of the last lumbar
vertebra, The caudal vein is a median posterior branch of the iliac complex.

The posterior vena cava is a continuous channel from the right atrium
through the diaphragm, the liver, then caudally immediately ventral to the dorsal
aorta into the right supra-subcardinal anastomosis., The supracardinal portion
of the posterior vena cava receives the segmental veins of the lumbar region,
The left supra-subcardinal vein is broadly connected to the posterior vena ccva
on the right, ventral to L-3 and I=4 by a broad subeardinal anastonosis, con-

tinues laterally with the metanephric venous sinuses,
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VASCULARIZATION OF THE 50 -~ 51 DAY BOVINE EMBRYO

By 50 days, the hearé is nearing its terminal position with the aortic
outlet ventral to vertebra T-4, and the anterior tip of the aortic arch at the
posterior margin of T-3 with subsequent elongatien of the brachiocephalie trunk,
The innominate vein is fully functional and both arteries and veins of the
segmental thoracics are nearing the definitive state,

ARTERIES. The brachiocephalic trunk extends from the anterior tip c¢f the
ascending gzorta, ventral to the posterior edge of centrum T-3, anteriorly to the
middle of T-1 where it splits off the right subclavian artery (Fig. 7)., A%t the
anterior edge of T-1, the ecarotid trunk separates into left and right common
carotid arteries which extend anteriorly along the ventrolateral aspect of the
trachea to the angle of the jaw where each common carotid artery splits into
internal and external carctid arteries, The left subclavian artery has mweved up
on the aortic arch until it appears to emerge from the left margzin of the base
of the brachioccephalic trunk at T-Z (Fig. 7).

Each subclavian artery sends az branch, the vertebrzl artery, entercder-
sally with the main artery passing between vertebrae C-7 and T-1 into the trzts-
verse foramina of the cervical vertebrae, A lesser branch leaves the vertebrzl
artery ventral te T-1 and runs posteriorly alouy the rmedial marsin of the ver-
tetrae T-1 throush T-3 and supplies intercostal zrteries T=1, T=2, anid T-3 (ig,
Oa the right side of ome specimen, the tip of the antericr intercos-al crtery
connected posteriorly into the szermental artery T-4,

Segrental arterics T-5 through S-1 arise directly from the dorsa! acrta,
with T-5 originating at the level of T-5, T-6 intervertebral disc, then running
diegonally antevierly to the T-4, T-5 inteicostzl space2., Arteries T-6 and T-7
are less diagonal, T-9 throuzh I~3 extend zlmost directly dorsolaterally,

¥hile i~5 through S-1 extend progressively more pcesteriorly (Fig. 7).

77,
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Mesonephric arteries have been reduced to five pairs, off the ventro-
lateral margin of the dorsal aorta ventral to vertebrae 1-3, 1L-4, and L-5
(Figs, 6 & 7)., On specimen 600-57, the anterior two arteries on the left side
came off the dorsal aorta as a common trunk which separated almost immediately
into two, The anterior artery supplies all the anterior lobe of the mesonephros;
the second pair supplies the median narrow portion of the mesonephroi; the third
and fourth pairs supply the posterior lobes of mesonephros; the last palr runms
along the ventromedial margin of the mesonephros into the gonad., One ponadal
artery in this group retained branches into the mesonephros while cthers sup—-
plied only the gonad,

Metanephriec arteries, first seen in the 44 day embryos, are at this stage
straight, single arteries on each side, arising from the lateral surface of the
dorsal aorta near the middle of L-3 vertebra, and extending siightly anteriorly
to the metanepbric hilus where they branch throughcut the metanephros. Yo
branches to the adrenal glands were found at this stage, In one specimer, the
left metanephric artery separated into two immediately outside the decrsal aorta.

Ventral aortic branches consisted of (1) phrenic, (2) celiaec, (3) superier
mesenteric, (4) accessory mesenteric, and (5) inferior mesenteric arteries., The
phrenic artery arises from the ventromedial surface of the dorsal acrta at
the diaphragm between T-13 and L-1 and runs ventrally into the developing dia-
phragme. The celiac artery is a single, relatively large vessel off the vantro-
medial surface of the dorsal aorta at I~1 and continues ventrally to the stomach,
tpleen and pancreatico-duodenal area., 7The superior mesenteric artery is cne-
half somite length posterior of the eceliac, off the ventromedial surface of
the aorta from where it eontinues ventrally along the develeping gut, into the
body staik, The accesssry mesenteric(s) consist of one or more small arteries

off the ventral surfzace of the zorta vwhich either join ithe superior mesenteris
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or inferior mesenteric arteries or continue into the mesenteries, The inferio:n
mesenteric artery arises off the aorta at L-5 and courses posteroventrally to
the colon where it divides into anterior and posterior branches,

The umbilical arteries arise ventral to the last lumbar vertebra (L-5 or
L-6 as the case may be) as a bifurcation of the dorsal aorta and proceed caudally
to S-1 where they then curve ventrally along the body wall to exit via the
umbilical cord, The internal iliac arteries are posterior continuaticns of the
umbilical arteries and continue from S-1 posteriorly ventrolateral te¢ the
sacral vertebrae, The external iliac artery ccmes off the lateral margin of the
dorsal aorta at L=-5 and continue diaponally ventrolaterally into the leg., The
circumflex iliacs arise off the anterior surface of the external iliac arteries
a short distance from their origins and course laterally to the body wall,
VEINS, The anterior vena cava consists of a short segment of vein from the
junction of the innominate and right brachiocephalic wveins at T-2 posteriorly
to its opening into the sinus venosus at T-4, Anterior to the innominate
junction is a short segment of brachiocephalic vein, between the junction of
right subclavian and right jugular vein which continues anteriorly to the head,
The right subelavian vein joins the jugular vein at T-1 so the right brachio-
cephalic vein is about the equivalent of one vertebra in length,

The azypous vein empties into the lower portion of the anterior vena cava
between T-3 and T-4 and extends posteriorly receiving segmental veins from T-4
through T-12 on the right side, The hemiazygous vein maintains this connection
with the left jugular-innominate connection at C-7, T-1 but empties primarily
through the old left common cardinal wvein into the coronary sinus. It extends
posteriorly receiving segmental veins to T-4 through T-12 on the left side,
Segmental veins to T-1 through T-3 are drained by the anterior intercostzl vein

which originates from the vertebral vein at C-7, T-1 on both sides, The
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vertebral velns arise from the subclavian veins and run cranially to the head
within the transverse foramina of the cervical vertebra which have formed,

The five mesonephric veins present all enter into the renal portion of the
post cava between L-3 ard I-4, The metanephric veins cozlesce within the hilus
of the kidney and run medially into the condensing post cava at 1-3, In embryo
600-57, the adrenal veins of the two sides have different attachments, The
left adrenal vein originates within the anterior lobe of the mesonephiros, expands
into a large central sinus within the adrenal gland, then opens into the anterior
aspect of the left renal complex at L~-3, The right adrenal vein extends frem
the mesonephros between T-13 and L-1 and extends through the adrenal gland
directly into the post cava at L-1, L-2 (Fig. 10),

The right external iliac vein opens inte the right and left remnants of the
supra-subcardinal anastomosis at 1-5; thie left one opens into the posterior
remnant of the left supra-subcardinal veins, joins the internal iliac wvein and
crosses the midline into the posterior end of the right supra-subcardinal
anastomosis at the posterior end of the dorsal aorta, between the caudal artery
and umbilical arteries, The circumflex iliac vein branches off the externz?t
iliac vein immediately lateral to the last iumbar and extends ciraniolaterally
within the body wall., The internal iliac veins are remnants of the old post
cardinal veins and extend from the common iliacs at L-§ posteriorly lateral te
the center 1line,

The posterior vena cava extends from the opening of the Tight atrium =t
T-4 posteriorly 2s the "thoracie” wvena cava, through the liver, running cn the
the ventromedial surface of the dorsal aorta to the iliac vein complex at l-6,
The entire length of the post ecava is well estzblished and requires only a

firming up and smoothing of the walls to attain the definitive confipguration,
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VASCULARIZATION OF THE 58 - 60 DAY BOVINE EMBRYO

The principle changes between 50 and 60 days involve the depeneration of
mesonephros and dominance of metanephros, Other changes are relative and not
basie,

ARTERIES, The dorsal aorta extends from its origin at the exit of the left
ventricle, continues as the aortic arch at T-3 and then posteriorly tn I-5 or
L-6 where the umbilicals exit, Branches are essentially those found in the
adult (Fig, 15),

The brachio-carotid complex consists of the carotids and subeclavians with
the right and left common carotid arteries and the right subclavian artery
branching off the brachiocephalic artery at T-1, the carotids extending from the
apex of the brachiocephalic at T-1 along the throat on either side of the
trachea to the hLead, The left subclavian artery has moved well up the brachin-
cephalic trunk and now emerges at the level of T-2, about half way between the
anterior tip of the arch and the carstid bifurcation, Each subclavian extends
laterally to the forelimb and sends off two branches: 1) the vertebral trunk
which separates in the C-7, T-1 groove into the vertebral artery anteriorly
and the anterior intercostal posterioriy: and 2) the cervical artery which
supplies most of the muscles of the neck,

The antericr intercostal artery extends caudad providing intersomitic
arteries T-1 through T-3, Segmental arteries branch off the dorsal aorta at
regular iatervals to each intersomitic region from T-4 through $-2, The first
lumbar segmertal artery has a branch to the anterior aspect of the adrenal gland,

Th2 mesonephros is present only as a swall degenerating structure. 1lthough
there are still three pairs of arteries supplying the mesonephros, they follow
the mesonechros in degeneration and dicappear between 60 and 65 days. The last

mesonepbric artery off the dorsal aorta (i-4) passes along the ventromedial
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border of the mesonephros and runs directly to the gonad which it serves, now as
the ovarian or spermatic artery., The renal artery leaves the dorsal acrta at
I-3 and is much larger than the mesconephric arteries. A branch teo the adrenal
gland is present off the anterior surface of the renal artery.

The celiac artery is a large, single vessel off the dorszl aocrta at [~1 and
extends to the stomach and asSociated structures, The superier nesenteric is
one-half somite length posterior to the celiac artery. This vessel supplies
the intestines. The inferior mesenteric artery branches off the wantromedial
surface of the dorsal aorta ventral to L-5 znd supplies the descending colon
and lower colon, No accessory mesenteris arteries were found in four fetuses
S6 to 61 days gestation,

The iliac-umbilical complex eonsists of the paired umbilieal arteries,
internal iliac arteries, external iliac arteries and circumflex iliar (ilso-
lumbar) arteries, The internal ilisc arteries continue postericrly from the
umbilical arteries at the point at which thev begin their turn to the umpilieal
cord which is at S=1, The external iliac arteries branch off the lazteral azpect
of the dorsal acrta one scmite anterior to the origin of the wmbilical arteriss.
The circumflex iliac arteries branch off the extermnal iliacs znd run lateralily
in the body wall at L-4 to L-5,

VEINS, The antevior vena cava extends from the connecticen of the innominate

artery at T=1 te the right atrium., The right brachiocephalic vein eztends
anteriorly from the connection of the immominate vein te the region of C-7
where it splits into right subelavian and jugular veins, Th2 innominarve vein
exzends from the left jupular-subelavian vein jurchien at C-7 diazonally te the
base of the rvight brachiocephalic vein of the jupgular vein and the left sub-

clavien at T-1, The left jugtizr vein extends from the fmucrminate vein entsviorly
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on the mediolateral surface of the throat. Subeclavian veins have vertebral,
anterior intercostal, and Eervical branches that exactly parallel the ccmparable
arteries,

The nephric veins anastomose into the condensing supra- and subcardinal
sinuses, The metanephrie (renal) vein is a relatively larger vessel from the
renal portion of the post cava at I-3 to the hilus of the kidney., The meso-
nephric, adrenal and gonadal veins all empty into this anatomosis on the left,
but the right adrenal vein opens separately into the post cava slightly anterior
to the adrenal vein,

The segmental veins of T-4 through T<12 empty into the hemiazygous and
azygous veins on the left and right sides, respectively, The azygous vein
connects inteo the posterior portion of the anterior vena cava at T-3, while the
hemiazygis vein in all four specimens at my disposal continued to empty into the
coronary sinus, The segmental veins to the lower body, T-13 to 5-1 or S-2,
connect into the supra=subecardinal anastamosis,

The iliac complex of veins parallels that of the arteries except there are
no umbilical veins in the complex, The ilizc vein complex is the remmant of
the old sub-supra=-post cardinal anastomosis into which the external ililac veins
open laterally at the level of L-6, the internal iliac veins open into the
posterior surface immediately lateral to the 1-6, S~1 joint, and a small caudal

vein empties into the medial posterior terminal,
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DISCUSSION

At 40 days gestation, the dorsal aortaz is a single, comparatively large
artery originating at the anterior peint of the curve of the aortic arch at
C-7 or T=-1. It continues posteriorly along the dorsal body wall to the bifurc-
ation of the umbilical-iliac complex at L-5 or I-6. The caudal artery is a single
vessel extending from the dorsal surface of the aorta at I~5, It is not clear
if the eaudal artery is a direect continuation of the dersal aerta or if it is a
new, medial artery as it appears to be., As the embryo develops, the only change
in position which occurs in the dorszl aorta is a caudal movement of the anterior
end due to the caudal migration of the heart, Such posterior movement wss described
for the human by Barry (1951) aud explained as resulting from differential
growth, From the uppermost position at C-7 at 40 days, the anterior end of the
dorcal aorta migrates to T-2 at 60 davys and increases in diameter from 285 mu
at 40 days to 365 mu at 60 days. Yo other significant changes of the dorsal
aorta occur after 40 days.

The brzchio-carotid complex in the 40 day embryo consists of paired commun
carotid arteries and subclavian arteories, All these vessels exit dir=ctly from
acrtic arch., The base of the right subclavian is formed from the right rFouxth
aortic arch which extends anteriorly to C=7, The radix aorta degenerates lLelaow
the junction of the right subclavian and fourth zortic arch leaving the sub-
clavian artery as the soic recivient of blood from this arch, The czrotid
arteries bifurecate from the carotid trunk at the level of C-6, The left sub-
clavian artery leaves the iaft upper curve of the aortic arch at C-7, The
carotid artovies clongate with the downward migration of the heart and the left
subelavian artery migrates sureriorly around the zortic avech and along the
carotid trunk, resulting in 2 common channel, the brachiocoephsiic trunk, from

the anterios curve of the ovycis to the left cebeolavian arfery svoub hnlfY way
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up the trunk, then the right subelavian is given off at T-1 and a common carotid
trunk about one vertebra length long bifurcates inte the two common carotid
arteries ventral to C=7, The elongation of the carotids and shift of the left
subclavian artery anteriorly has been previocusly noted but no attempt has been
made to analyze the process or even toc develop age relationships.

The segmental (intersomitic) arteries at 40 days are paired branches off
the dorsal aorta from T=4 through S=1, The anterior intercostal arteries serve
T-1 through T=3 as the segmental arteries from the dorsal aorta in that region
degenerate between 35 and 40 days. The segmental arteries from T-4 through the
lumbar region are direct branches off the dorsal aorta. The segmentals to S-1
and S-2 are branches of either the dorsal aorta or the umbilical arteries,
Between 51 and 55 days, a branch develops off segmental arteries L-1 which supply
the adrenal glands. The dorsal aorta elongates a little slower than does the
body so the bases of the anterior thoracic arteries are pulled posteriorly
while the posterior lumbar and sacrals are pulled anteriorly (Fig. 6).

The umbilical arteries formed with the external iliac arteries from the
dorsal aorta at L-4 or L-5. The internal iliac artery branches off the postericr
dorsal curve of the umbilical artery and continues to the pelvic region. The
external iliac artery by day 45 appears as a branch off the dorsal aorta at the
antei ior lateral margin of the junction of the umbilical artery and the dorsal
aorta, and prozressively separates from the umbilical artery until by 60 days the
tveo are separate Ly about one vertebra 1length,

There are nc major changes between day 40 and day 60 in the celiac artery
which oripinated as a new outgrowth from the dorsal acrtz ventral to the thoraco-
lumbar intervertebral arteries (Byrnes, 1973), The superior mesenteric artery,
the remnant of the original viteliine arieries, supnly blood to tie intestine and
leaves the dorszl aorta about orne-half semite length posteriocr to the celiae

artery., The inforior mesenteric s a new median branch off the deorsal sorta



immediately anterior to the umbilical arteriec (Byrnes, 1973), supplies the
hindgut, and undergoes no change in position throughout life except with the
slight anterior movement of the end of the dorsal aorta. Accessory mesenteric
arteries hetween the superior and inferior mesenteric arteries were irregular in
number, appearance and disappearance. They varied from none to four in the embryos
40 to 50 days old, ¥one were found before 40 days nor after 55 days, These ac-
cessory arteries must be considered as new derivatives from the dorsal aorta

and not remnants of vitelline arteries as has beesn assumed (Fatten, 1343).

The 11 mesonephric arteries present at 40 days are the remnznts of the 20+
present at the peak of mesonephric function ahout day 35, Between 40 znd 50 days,
all mesonephric arteries anterior to the metanephric arteries diszppear so that
by 50 days the anterior-mest of the mesonephric arteries leaves the dorsal aorta
immediately posterior to the metanephric artery, runs anterolaterally past the
base of the matanephros and sunplies that part of the meseonepbros anterior
to the hilus of the metanephros, The nexi three arise irregularly from the
ventrolaterzl margin of the deorsal asria and supply the large posterier lobz of
the mesonephros, The posterior “mesconephric artery" follows the margin of the
mesonephros laterally and anteriorlv aand terminates in rhe gonadal ridze, Ry
1 cays all branches of the gonadal artery to the cesonephros have depenerateds
henceforth it is the ovarian or the spermatic artery., All thesa vescels exeapt
the ponadal artery degenerate v 60 days with the demise of the mescncphros.
These observaticens conflict rather dractically with the general concept that the

mesonephric arteries remain as the arteries of other organs oi the region (Arey,

D

1968), The metarephric arteries which up until now wev: velieved to be derived

C

from the wesonsphric arteries (Patten, 1968) ar« entiraiy separate from the

mesodsphris aotevias and orizginate as outgrowing vessels from the dorea? sorta

ct

at I-3 gheut 43 davs, At 55 days there is a broneh off the renal arterny vhich

Ly
1

Er

cdrenal pland zad pevsiste theveatisr a2 the main adrenal arctery.,
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VEINS. At 40 days, the veins of the anterior thorax consist of the paired

jugular veins, the old anterior cardinal veins, paired common cardinal vein,

and subclavian veins (Byrnes, 1973), The left common cardinal vein is reduced

by 55 days to form the coronary sinus opening into the sinus venosus caudomedially
to the orifice of the right common cardinal vein but maintains connection with

the postcardinal (hemiazygous) vein, in contrast to total separation in most other
mammals (Patten, 1968), The right and left subclavian veins form at C-7, The
innominate vein makes its appearance at 45 days as a single capillary connecting
between the left subelavian-jugular connection across the ventral surface of the
trachea to the anterior cardinal wvein slightly posterior to the right subclavian-
jugular connection, The innominate vein expands and by 50 days has shunted most
cf tha blood flow of the left jugular-subclavian veins to the anterior vena cava
with subsequent degeneration of the anterior cardinal connection to the left
common czrdinal vein, The hemiazygous and azygous veins are each formed frem

two remnznts: the basal segnents are the old post cardinal veins; from T-8
posterierly thev are supracardinal veins only, with the postcardinal disappearing
by 45 days aznd the subcardinal postion gone by 50 days (Fig. 9). At 40 days,

both of these vessels join the common cardinal veins in the standard embrvenic
pattern (Fig, 3), At 51 days, the left anterior cardinal vein between the left
common cardinal vein and the innominate vein is drastically reduced and closas
complerely by 55 days, but the hemiazygous vein continues to utilize the ccowmon
cardinal so opens into the coronary sinus and thence into the rtight atrium

(Fig, 9). Ther: is no cruss-conmection between the azysous vein and hemiazvzous
vein in any series of sections or dissections studied, No reference was found
describing the continuiny of the azygous vein with the left common cardimnal veiln,
The implicaticn has been that the left cowmon cardinal breaks between the corcpory

sinus and the posteardinal, leaving the hemiazygeus to drain into tie azyvgovs as
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it does in the bhuman, The azygous vein joins the anterior vena cava near the
commection of the post cava and right atrium, The hemiazygous and azygous veins
drain the segmental veins on their respective sides from T=-4 through T-12, The
anterior intercostal vein is a branch of the vertebral vein and drains the
intercostal segmental veins T-1 through T-3. The lumbar segmental veins cennect
into the supracardinal veins on each side,/{As the supracardinals degenerate the
segmentals join the post cava where theyv remain in their final form. &t S50 davs
the azygous enters the anterior vena cava T-3 while the hemiazygous enters the
coronary sinus at T-5, These veins remain in this definitive configuration.

At 40 davs, the mesonepbric arteries jein the supracardinal veins at inter-
vals from T-8 to iI~5, As the postcricr vena cava reaches its definitive ccr-
figurztion and with the depeneration of the mesecnephros by day 60, the mesorncphric
veins degenerate, The metanephric veins at &40 days consist of a plexus of sub-
subcardinal anastomoses which jein the supracardinzal veins on each side, By 50
days this plexus has ccndensed, leaving a large sinus, the future renzl veirn,
to eack kidney, The sub-subcardinzl anastomosis remains between the left 1enzal
and the right sub-supra-subcardinal anastomosis directly to the left of the zres
where the right renal connects with the right supracardinal (I~3, 1-43, Thz left
renal vein cempiex becomes disconnected from the left supra-post cardinal complen
boefore 40 days (Fig. 3) and is maintained independently as the mescnephros and
mesonephric veins desencrate, The changes in the metanephric venous complax in
the bovine are comparable to those described for th2 human (Patten, 1968), The
postericr copdirnal veins are still functienal at 40 days as the interunal ilias
veins, and receive the external iliac veins and segmental veins frewm the lumbar
and sacral rezisns, As the croplex of veins on the right side coalesces to
form tke post c:zva, the sub—subcardinz] aznastemosis remains at the lower omd

(I-5 te 1~6) rnd ruuvides a ernss-connection between the two iliac corsieyss

g

¥
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it does in the renal portion, Definitive iliac veins are formed by condensation
of the iliac sinus and smoothing of the walls,

The posterior vena cava is a compound vessel resulting primarily from the
coitsecutive fusion of embryonic sinuses, The anterior-most segment of the
posterior vena cava, the thoracic vena cava, evident at 35 days, results from a
stretching of the sinus venosus as the liver is pressed caudally by the shifting
heart (Byrnes, 1973), The hepatic portion is formed partly from the old ductus
venosus and partly by a coalescence of sinusoids, in the right dorsal lobe, and
as the liver is pressed csudally the portion of liver containing this sinus is
brought into contact with the mecian surface of the supra-subcardinal sinus,
fuses with it, and the intervering walls break down, forming a continuous
channel throughout the post-supracardinal anastomosis,

The renal segment of the post cava is the right subre-subcardiral sinus
from T-13 ihrough 1~-3 with the definitive segment primarily subcardinal after
the supracardinal portion degenerates with the demise of the mesonephros, The
posterior end of the post cava (1~4, 1~5) is formed by cross conncctions between
the posterior portions of the right and left subcardinal veins, which in turn
are anastomosed through the supracardinal veins to the post cardinal veins,
thence with the iliac veins,

These observations on postecardinal developrment compare fairly well with the
descriptions given by Warwick and Williams (1973) on the human, except that
(1) in the bovine, a large hepatic sinus breaks through a thinned intervening
membrane into the subecardinal sinus rather than by a '"new formation which connects
the ight subear<inal and the common hepatic veins"i (2) in the bovine there are
originally several interconnections between the posterior ends of the subcard-
inal veins which coalesce rather than the "oblicue transverse anastoTosis
between the iliac veins' (Warwick and Williams, p., 165, 1973); and (3) suvrzcar~
dinal veins are totaily independent of the post cava, veceive sepment:l veios

and beeome azygeous and hemiazypous veins,
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At about 60 days the mesonephros totally disappears, and with it, the mesc-
nephric arteries and veins also disappear, leaving only the gonadal arteries and
veins, not "vessels that supply the organs of the lumbar regicn" (Patten, 1968),
All other vessels reached their definitive condition by 55 days, and heneeforth
to birth, the major blood vessels can be well illustrated by any fetus over 65
days gestation, A 157 day fetus, which appeared to be typical in z1l Tespacts

(Fig, 16) was used repeatedly for comparisons, relationships, and general anatoemy,.
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ABBREVIATIONS FOP. FICURES 1, 2, and 3.

AA = aortic arch Li = liver

AdV = adrenal vein IRV = Jeft renal vein

AlA = anterlor intercestal artery 1ScV = left subclavian vein

AMA = anterior mesenteric artery LSCV = left supracardinal vein

AT = aortic trunk MA = mesonephric artery

AzV = azygous vein Me = mesonephros

CA = caudal artery MT = metanephros

CCA = common carotid artery PA = pulmonary artery

CeA = ccliac artery PMA = posterior mesenterie artevy
CJV = commen jupular vein PT = pulmonary trunk

BA = dersal corta PVC = posterior vena cava

DAr = ductus arteriosus RA = renal artery

DV = ductus venosus RCC = right common carctid artsry
ECA = external carotid artery REIV = right external iliac artery
EIA = external iliac artery RRV = right renal vein

ETIV = external iliac vein RtA = rieght atrium

EJV = external jugular vein RVe = right ventricle

HAV = hemiazygous vein RVC = renal vena cava

HPV = hepatic portal vein ScA = subclavian artery

HB = hepatic wvein SeV = subclavian vein

HVC = hepatic vena cava SU = subecardinal wvein

IcA = intercostal artery SV = sinus vsnosus

ICA = internal carotid artery TV = truncus venosus

IcV = intercestal vein UA = umbilical artersy

ITIA = internal iliac artery UV = umbilical wvein

IIV = internal iliac vein VeA = vertebral artery

IJV = internal jugular vein VeV = wvertebral vein

ICC = 1c¢ft common carotid artery
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EXPLANATION OF FIGURES

1. Reconstruction of a 39 day embryo (#163), was made by microprojection out-
line drawings of sections, beginning with a median sagittal section and working
out laterally to the right, The composite drawing shows the major circulation

at the end of 39 days development, 15%,

2. ‘The arterial system of a 32 day embryo (#163) in a ventral view reconstruction
from the parasagittal microprojections used in figure 1., Subclavian and carotid
arteries leave the aortic arch independentiy, The anterior-most intercostal
artery arising directly from the dorsal aorta is T-5 near the anterior edge of
vertebra T-7, There are vet 11 pair of mesonephrics arteries (MeA - 1-11) with

5 pairs in the thoracic region, Renal arteries (RA) are established as latev:i
tranches from the dorsal aorta slightly ventral to the exit of segmental artery

-3, 15x.

3. The venous system of a 39 day embrvo (#163) in 2 ventral view 1ecenstruction
from the parasagittal microprojections used in figure 1. There is no indicaticn
of an innominate vein although the anterior cardinal on the right is much more
expanded than that on the left, The azygcus and hemiazygous veins (4zV and KAV)
are well established as combination of the original posterior cardinal with the
supracardinal in the thoracic region, while a remnant of the subecardinal vein (SV)
continue to drain the anterior part of the mesonephros, PRenal veins (RV and LRV}
are well established from the old subcardinal wveins while the left supracardinal
(LSCV) as a separate entity, draining posteriorly, receivas the left lumbar seg-
mental veins, The i1liac vein complex is cendensing from the original pesterior

cardinal-supracardinal-subcardinal anastcmoszis,
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EXPLANATION OF FIGURE 4

Reconstruction of a 45 day embryo (#583-1) in lateral view of the
arterial system made in the same manner as Figure 1. The phrenic artery
has formed and the mesonephric arteries have been reduced to five pair.

15 X.

Additional abbreviations.

BCT = brachiocephalic trunk

Mek

Ii

mesonephric arteries

PhA

1l

phrenic artery

EXPLANATION OF FIGURE 5

Reconstruction of the venous system of a 45 day embrve (#583-1)
in lateral view made in the same manner as Figure 1. The azygous vein
has become distinct as receptor of the intercostal veins. The posterior
vena cava in the lumbar region is a big, irregular sinus, receiving the
complex of mescuzphric veins, segmental veins, and iliac veins. 15 X.

Additicnal abbreviations,

JV = jugular vein

AVC = anterior vena cava
TVC = thoracic wena cava
MeC = mesonephric veins
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EXPLANATION OF FIGURES

6: Reconstruction of the arterial system of a 51 day embryo (600-57) in lateral
view made in the same manner as Figure 1, The brachiocephalie trunk (BCT) has
undergone distinct elongations; and a middorsal esophageal artery (EA) has formed
from the BCT about half a somite length anterior to the aortic trunk, Otherwise

there is little change since 45 days. 15x,

7. Ventral veiw reconstruction of the arterial system of a 51 day embryo (#600-57)
prepared in the same manner as Figures 2 and 3, 15x. Medial ventral arteries

are phrenic (PhA) at T-12, Celiac (CeA) at T-12, 13 anterior and posterior mesenterie
(PMA) at L-5, Segmental arteries arise dorso=laterally from the dorsal acrta

from T-6 to l~6 while mesonephric arteries (M-1 to 5) arise ventrolaterally onlv

from I-2 to 1~4,
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EXPLANATION OF FIGURES

8. Reconstruction of the venous system of a 51 day embryo (#600-57) in lateral
view made in the same manner as Figure 1, There is no real change since the

45 day stage, 15x,

9. Ventral view reconstruction of the venous system of a 51 dey embryo (#600-5
(#600-57), prepared in the same manner as Figures 2 and 3, The innominate vein
(InV) and anterior vena cava (AVC) are well established, azygous (AzV) and
hemiazygous (HAV) veins have reached definitive relations from T-4 te T-12 anéd
the left anterior cardinal wein (LACY) between subclavian vein (LSeV) and left
comon cardinal vein (LCCV) has begun decrease. The anterior intercostal

veins (AIV) are established on both sides, The metanephric, new renal veins
(RRV & LRV) dominate the lumbar crainage, although remnants of the old supra-
cardinal veins (ASCV and LSCV) remain on both sides, receivinz the lumbar
segmental veins and remnants of the mesonephric veins. The right adrenzl vein
(P4dY) and remmants of the anterior mescnephric drainage empty directly into
the posterior vena cava (PVC) while the left adrenal vein (LAdV) and associated

mesonephric wveins (AMeV) empty into the left reral vein (LRV). 15x,
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EXPLANATION OF FIGURE 10

Sagittal section through a 38 day embryo (#620-6) showing the post cava from the
area of the heart to the adrenal (Ad). The thoracic vena cava (TVC) is inter-
preted to be formed by elongation of the sinus venosus (S5V) between the heart
and the diaphragm (Di). The hepatic vena cava (HVC) is directly centinuous

with the renal vena cava (RVC) as the liver (Li) is directly continuous with

the adrenal gland (Ad) medially and the mesonephros laterally, thus alleviat-
ing the necessity of hypothesizing a trans-abdominal growth between hepatic and

renal segments of the post cava, 30x,
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EXPLANATION OF FIGURES

11, Parasagittal section of the 51 day embryo (#600-57) showing the connection
of the common carotid artery (CCA) and right subclavian artery (RScA) with the
aortic arch, The pulmonary trunk (PT) is continuous with the dorsal aorta (DA)
and the pulmonary artery (PA) is seen as a continuation of the pulmonary trunk,
The dorsal aorta (DA) continues posteriorly to the umbilical artery (UA)
between L~5 and I~6 and sends off branches dorsolsterally as segmental

arteries (SA),

12, sagittal section of the 48 day embryo (#600-56) showing the brachio-
cephalic trunk (BCT) and dorsal aorta (DA) from the aortic trunk (AT). The
dorsal aorta continues posteriorly to the umbilical artery between L-5 and L-6
and sends branches dorsolaterally as the segmental arteries (SA). The celiac
artery (CeA) and anterior mesenteric artery (AMA) are seen azbout to enter into
the dorsal aorta at T-12 and T-13 respectively, The posterior mesenteric artery

(PMA) opens into the dorsal aorta at L-5,
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FXPLANATIOR OF FIGURES

13, Parasagittal section of a 48 day embryo (#600-56) showing almost the
entire posterior vena cava., The thoracic vena cava (TVC) continues posteri-
orly to the liver and then as the hepatiec vena cava (HVC) posteriorly to the

renal vena cava (RVC) and finally terminates at the iliac complex at L-5,

14, Parasagittal section of the 51 day embryo (#600-57) showing the vertebral
vein (VV) and the common jugular vein (CJV) entering the anterior vena cava
(AVC) at T-1. The section is so far lateral that none of the post caval sys-
tem is involved, Posteriorly, only the external iliac vein (EIV), renal vein

(RV), and part of the mesonephric arteries (MeA) were cut.






EXPLARATION OF FIGURE 15

Ventral view of a dissection of z 56 day embryo (#900-7) with the arteries
injected with red latex and the viscera removed, The red latex in the arteries
appear as vwhite liner in the photograph, The subelavian complex, carotid,
internsl thoracic (ITA), and anterior intercostal arteries (AIA) have attained
definiftive condition, Three pairs of mesonephric arteries persist, the poster-

ier-most of which will remain as the gonadal arteries,
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EXPLANATION OF FIGURE 16

Lateral dissection of a 157 day fetus, veins injected with yellow latex and
arteries with red latex, which, unfortunately does not show in the photograph.
A1l blood vessels have attained definitive condition. Of particular interest is
the maintenance of the left common cardinal vein as the definitive connection
of the hemiazygous vein (HAV) into the coronary sinus and thence into the right

atrium,
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ABSTRACT

This study was undertaken to clarify the developmental sequence that
results in definitive blood vessels, The basic difference between this
study and othors previously reported is the large number of specimens avai-
lable which could be studied in detail allowing for direct observation
rather than interpolation.

A study was made from 41 embryos from 38 to 63 days gestatiocn, pro-
viding a closely-staged series from which all changes could be followed.
Critical sections and dissections were photographed for illustrations, Com=
posite drawings from acetate overlays were made of 39, 45, 48 and'51 day
sagitally sectioned embryos,

The common carotid arteries are formed by stretching of the acrtic
sinus before day 37. By day 60 the brachiocephalic trunk has been formed
by the pulling of the anterior tip of the aortic arch into an extended cone
from which now branch the paired subeclavian and carotid arteries at T-1,

The subclavian arteries are formed from the twelfth pair of intersomitic
arteries (C-7), As the embryo develops, the subclavian arteries "migrate"
anteriorly along the aortic arch until they reach their definitive posi-
tions off the brachiocephalic trunk by 55 days gestation., The celiae
artery forms before 39 days as a ventral outgrowth from the dorsal aorta
at T=-13, The anterior mesenteric artery is the only remaining vitelline
artery and is lecated, by 39 days, at its definitive position at I~1, The
posterior mesenteric artery has formed before 39 days as a ventral out-
growth from dorsal aorta, immediately anterior te the umbilical arteries,

and at 45 days it is in its final positicen a: 1~4,



At 60 days the iliac complex consists of the external iliac arteries
emerging from the dorsal aorta at L-5, the circumflex iliac as a branch of
the external iliac, and the internal iliac artery as a continuation of the
base of the umbilical arteries at 1~6,

The renal arteries are not derivatives of the mesonephric arteries as
previously reported but are entirely separate entities emerging from the
dorsal aorta at I~4, The only persisting mesonephric arteries are the gona-
dals which emerge from the dorsal aorta at L-1 and 1~4, respectively,

The old anterior cardinal veins in the cervical region remain as the
jugular veins, At 45 days the innominate vein (left brachiocephalic vein)
joins the left jugular-subclavian, On the right, posteriorly from the
connection of the jugular-subeclavian-innominate vein complex, the anterior
cardinal remains as the anterior vena cava, On the left, the anterior
cardinal vein, posterior to the innominate vein, is reduced by 51 days and
disappears ccmpletely by 58 days. The left common cardinal vein remains
as the coronary sinus and the base of the hemiazygous vein,

The posterior vena cava develops as a vessel of many components,

From the right atrium to the diaphragm, it is the result of stretching of

the sirus venosus, The hepatic portion of the vena cava, from the diaphragm
through the liver, is the result of coalescence and expansion of liver
sinusoids, The lumbar porticn of the post cava is the subcardiral anastamosis
anteriorly continuing posteriorly with the right subcardinal vein. The
intersomitic veins empty inte the supracardinal vein while the renzl veins
form {rom the subcardinal.

The iliae junction with the posterior vena cava is totally subecardinail,
The internal iliac veins are persistent post cardinai va2ins while the

external iliac veins are derived from the segmental veins at I=4, L~5,



