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Summary. The development and transformation of the aortic arches were studied in 
84 equine embryos (5 to 35 mm CRL; approximately 21--49 days of gestation). The arch 
of the aorta and the vessels which originate from it were also examined in several fetuses 
(41--335 mm CRL) and in a full-term fetus. 

There are six pairs of aortic arches that originate from the ventral aortic root. The first 
and second aortic arches regress very early, while the fifth pair appears in a vestigial form 
relatively late in the development, when the truneus arteriosus divides into the aortic and 
pulmonary channels. The development of the cervical intersegmental arteries is described 
and the formation of the subclavian arteries is discussed. The primitive arch of the aorta 
appears at the earliest in the 14--15.5 mm CRL equine embryos (approximately 35 days of 
gestation). The segments of the aortic arches system which are incorporated in the formation 
of the definitive arch of the aorta are discussed. 

Three vessels, the innominate (brachiocephalie) artery, the left common carotid artery, 
and the left subclavian artery, originate from the primitive arch of the aorta. This arrangement 
of the vessels is regarded as the primitive mammalian pattern. 

Two more stages precede the development of the definitive arch of the aorta and the 
common braehiocephalic trunk in the equine embryos, at approximately 42 days of gestation. 
The secondary changes, which occur in the process of formation of the arch of the aorta and 
the common braehiocephalic trunk, are described and discussed. Certain anomalies of the 
arrangement of the vessels from the arch of the aorta are also discussed. 
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Introduction 

I n  normal  adul~ equines a un ique  vessel, ~he common brachiocephalic t r u n k  
(CBT), is given off directly from the arch of the aorta. This vessel, also called 
the anter ior  aorta in the old nomenclature ,  gives rise to the arteries tha t  supply 
the cranial  par t  of the thoracic wall, the thoracic appendages, and  the neck 
and  head. 

According to comparat ive ana tomy,  the n u m b e r  of vessels tha t  originate 
directly from the arch of the aorta in  different m a m m a l i a n  species va ry  from 
three (four ?) to one. A comprehensive account  on this subject  is given by  WIEDEnS- 
HEI2~I (1886), HOCHSTETTE~ (1891, 1906), KmTH (1895), G~OSSER (1901), BI~ONSS 
(1902), PARSOS"S (1902), LASSILA (1927/28), HAFFE•L (1933) and  MEI~E~TZ 
(1966). 

* In memoriam of Professor Dr. L. KUNDZI~ (1855--1940). 
** The investigation reported herein was supported by a Research Grant-in-Aid from the 

Washington State University. 
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The embryonic  development  of the aortic arches has been invest igated in  
numerous  mammal i an  species. For  references see BAEI~ (1827), BOAS (1888), 
ZIMME~MAN (1889, 1890), HOCI~STETTEI~ (1890, 1891, 1906), TANDLEI~ (1902, 
1909), LEtIMANN (1905), LEWIS (1906), LOCY (1906, 1909), SOULI~ and  Bo~Ng 
(1908), COULTEI~ (1909), Rv~IN~E (1910), REAGAN (1912), SICI~EI~ (1912), HOFMANN 
(1914), HAFFEI~I~ (1919), CONGDON (1922), HEUSm~ (1923), LLORCA (1933), 
MOFFaT (1959), and  KI~EDIET {1962). Of part icular  importance are reports by  
~ATIIKE (1843), LEWIS (1923), GOLUB (1931), and  HAMMOND (1937), in which 
the t ransformat ion  of the aortic arches and  format ion of the definitive arch of 
the aorta and  the common braehiocephalie t r unk  have been invest igated in  the 
ruminants .  

The early development  of the aortic arches in  the equine embryos has been 
studied by  VITVMS (1949, 1951) ; but ,  as far as can be determined,  no invest igat ion 
has been reported concerning the t ransformat ion of the aortic arches in this 
species. Therefore, the present  invest igat ion has been performed in order to 
examine the development  and t ransformat ion  of the aortic arches in  the equine 
embryos,  with special a t t en t ion  to the format ion of the definitive arch of the 
aorta and  the common brachiocephalic t runk.  

Material and Methods 1 

Equine embryos used in the present investigation were collected from the Alsask Processors 
Ltd. in Swift Current, Saskatchewan, and Edmonton, Alberta, Canada, the Hansen Packing Co., 
Butte, Montana and the Central Nebraska Packing Co., North Platte, Nebraska. The author 
wishes to express his appreciation to all of these packing plants for their cooperation and 
permission to obtain those embryos. Furthermore, special credit is due to the colleagues, 
veterinary meat inspectors, of the above mentioned packing plants, Dr. S. P GIEBELHAUS, 
Edmonton, Alberta; Dr. R. D. ZAJAC, Swift Current, Saskatchewan; Dr. H. F. WI~IECXI, 
Butte, Montana (at present Omaha, Nebraska) ; and Dr. A. NEIMANIS, North Platte, Nebraska, 
for their excellent work in removing embryos from the pregnant uteri, preserving and shipping 
them to Pullman, Washington. Altogether, over two hundred embryos ranging from 5 to 
165 mm CRL were collected. 

Most of the embryos were preserved in B ou i n  fixative; some of them were also fixed 
in 10% formalin. Smaller embryos were stained by Delafield hematoxylin or alum-carmine 
in  toto and afterward dehydrated and embedded in paraffin. Larger embryos were embedded 
first in paraffin and then stained after they were serially sectioned. Eighty-four embryos 
from 5 to 35 mm CRL were prepared in frontal, transverse, and sagittal serial sections (10, 
15 and 20 microns) and used for this investigation. Reconstructions of the aortic arches with 
pharyngeal pouches from the representative stages of the first period of the development 
and from the representative stages of the second period of the development were made from 
the serial sections. A modification of the method of Bol~r, using a Plaster of Paris technique 
was applied in the reconstruction of the vessels and related structures. Eighteen models of 
the aortic arches and of their transformation stages were prepared. The author is greatly 
indebted to Dr. A. BAlmily, Professor of Anatomy, University of Michigan, Ann Arbor, Michi- 
gan, for his advice and assistance in perfecting this modified method of reconstruction. 
Numerous photomicrographs were prepared from the selected serial sections using a Zeiss 
photomicroseope. In addition to the serial sections, the blood vessels of twelve older embryos 
(41 to 88 mm CRL) were injected with vinyl acetate solution and subsequently were corroded 

1. The author is greatly indebted to his former students Dr. S. WEISBI~OTR and Dr. 
M. HA~m~T for preparation of the serial sections and Dr. KATIILEEIq SEXTON and Mr. 
S. Kt~AI~OWKA for preparation of the drawings. The author wishes to thank Mrs. Su~II~O 
SUMIDA for technical assistance. 
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in 10% KOH. The arch of the aorta, and the vessels which originate from it were also examined 
in several older fetuses (165 and 335 mm CRL, and a full-term fetus). The age of an embryo 
or fetus was mainly determined by crown-rump-length (CRL). However, it should be noted 
that CRL is not an entirely reliable indicator of the age of an embryo. Several embryos, the 
Ct~L's of which were smaller, were actually older in their general development than their 
CRL indicated, and vice versa. Therefore, the general development of the embryos has been 
used in addition to CRL in estimating the actual age (see Table 1 and 2). Only fragmentary 
information is available concerning the estimation of the age in equine embryos. For references 
see EWART (1915), VITVS~S (1936, 1951), STOSS (1940), ZIETZSOJ~AN:~ and KRSLLING (1955), 
and BAnO~E and LAPLACE (1965). The estimated age of gestation in the present investigation 
is only approximate, based on the general development of an embryo as compared with similar 
developmental stages reported elsewhere. Included with each illustration of a reconstruction 
of the vessels is a drawing from the photograph of the embryo from which the reconstruction 
was made. 

Nomenclature used in this investigation is in part adapted from BA~R:f (1951). The 
term "primitive" is frequently used for a structure that has not as yet achieved its definitive 
state. 

Observations 

Two major  periods,  the  deve lopment  of the  aor t ic  arches and  the  t rans-  
fo rma t ion  of the  aor t ic  arches,  can be recognized in the  evolu t ion  of the  def ini t ive  
arch of the  ao r t a  and  in the  fo rma t ion  of the  common brachiocephal ic  t r u n k  
(CBT). The divis ion of the  t runcus  ar ter iosus  into the  p u l m o n a r y  and  aort ic  
t runks  and  the  regression of the  r igh t  s ix th  aor t ic  a rch  can be regarded  a rb i t r a r i l y  
as  a l a n d m a r k  between the  two periods.  

First Period. Development o/the Aortic Arches 

Since the  deve lopmen t  of the  aor t ic  arches is well documen ted  in numerous  
m a m m a l i a n  species, only  a brief descr ip t ion  of this  per iod of the  deve lopment  
will be presented.  

Twen ty  embryos  f rom 5 to 12 m m  CRL were avai lable  for examina t ion  of this  
per iod  (Table 1). The younges t  embryo  5 m m  CRL (about  21 days  gestat ion) ,  has four  
pha ryngea l  pouches.  The ven t r icu la r  region of the  hea r t  is loca ted  rostrM to the 
s inoat r ia l  region a t  the  level of the  first  and  second pharyngeM pouches.  The t runcus  
ar ter iosus  courses t oward  the  ven t ra l  aspect  of the  second pha ryngea l  pouch 
where i t  forms a d i l a t ed  d i s ta l  end  which is des igna ted  as the  ven t ra l  aor t ic  
root .  The f irst  and  second aor t ic  arches or iginate  from i t  (Fig. 1). The th i rd  
aor t ic  arch is jus t  appear ing.  The left  and  r ight  dorsa l  aor t ic  roots,  af ter  receiving 
the  f irst  and  second aort ic  arches,  are reduced  ros t rMly to ve ry  small  vessels 
which can be t r aced  in serial  sections to the  R a t h k e ' s  pouch.  The left  and  r ight  
dorsa l  aor t ic  roots  ex tend  eaudad  to the  level of the  p r imord ium of the  thoracic  
appendage  to form a single dorsa l  aor ta .  J u s t  caudal  to  tiffs junct ion,  a pa i r  of 
ve ry  small  in te rsegmentM ar ter ies  or iginate  f rom the dorsa l  aor ta  and  course 
t oward  the p r imord ium of the  thoracic  appendage .  Other  in te rsegmenta l  ar ter ies  
which or iginate  f rom the  dorsal  aor t ic  roots  are ve ry  ind is t inc t  and  thei r  serial 
number  cannot  be de te rmined  with  cer ta in ty .  

The nex t  group consists  of t h i r t een  embryos  from 6 to  8.5 m m  CI~L (about  22 to  
25 days  of gestat ion) .  The ven t r i cu la r  region of the  hea r t  is st i l l  or iented ros t ra l  
to  the  sinoatr iM region. The l a t t e r  ex tends  eaudad  as far  as the  developing lungs. 
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Table 1. First period 

Number C t ~ L  Approx. Aortic arches 
of em- mm gestation present 
bryos age in 
used days 

General development 

1 5 21 1; 2; (3) a Similar to 21-day-old embryo (EwAI~T, 
1915). Approximately 25 somites. Primitive 
auditory vesicles are still connected with 
superficial ectoderm. Primary optic vesicles 
just appearing. A typical loop formation of 
the ventricle of the heart. Rathke's pouch 
just appearing 

6 6--6.5 22 (1); 2; 3; 4; 6 

7 7--8.5 25 (2); 3; 4; 6 

Primary optic vesicles are distinct. Lens 
placode formed. Rathke's pouch and in- 
fundibulum distinct 

Similar to 7.5 mm CI~L embryo (VITuMS, 
1936, 1951). First appearance of the optic 
cup. Lens vesicle still connected with super- 
ficial ectoderm. Auditory vesicles separated 
from the superficial ectoderm. Distinct ende- 
lymphatic duct 

4 9--9.5 27--28 ( 2 ) ; 3 ; 4 ; 6  Lens vesicle completely separated from the 
superficial ectoderm. Auditory vesicles begin 
to differentiate into cochlear and vestibular 
portions. Rathke's pouch has a cup-shape. 
First trace of division of the truncus 
arteriosus 

1 11.5 30 (2); 3; 4; (5); 6 

1 12.0 32 (2); 3; 4; 6 

Similar to 1O mm CRL embryo (VITuMS, 
1936, 1951). Distinct division of the truncus 
arteriosus. Appearance of a vestigial 5th 
aortic arch 

Distinct assymetry between the left and 
right 4th and 6th aortic arches. Left fourth 
aortic arch predominates and indicates 
already the future primitive arch of the 
aorta 

a Parentheses indicate incompleteness of an aortic arch. 

I n  an embryo 6.5 m m  CRL four pairs of the aortic arches, the second, third,  
fourth and  sixth can be observed (Fig. 2 a). Only the paired third, fourth and  
sixth aortic arches are completely developed in  the older embryos of this group 
(Fig. 2 b). The first two pairs of the aortic arches are already regressed leaving 
only small ventra l  and  dorsal remnants .  The t runeus  arteriosus is located at  the 

Fig. 2a and b. A reconstruction (50 • of the aortic arches with related vessels of an embryo 
ca. 23 days (a) and 25 days (b) of gestation (6.5 mm Cl~L). Left lateral aspect. Reduced i/2 (a) 
and 1/s (b). I aortic arch already in~rrupted (in a); II, III ,  IV  and VI aortic arches (in a); 
and HI,  IV  and VI aortic arches (in b); I and H aortic arches interrupted (in b); 1--4 see 

Fig. 1 ; 5 primitive pulmonary artery 
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I I 

Fig. 1. A reconstruction (50 • ) of the  a~rtic arches with related vessels of an  embryo ca. 21 days 
of incubation (5 mm CI~L). Left  lateral aspect. Reduced 1/5. I first aortic arch; / / s e c o n d  
aortic arch;  1 t runcus arteriosus; 2 ventral  aortic root;  3 dorsal aortic root; 4 dorsal aorta 

F i g .  2 a 

Fig. 2 b 
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Fig. 3. A reconstruction (50 • ) of the aortic arches with related vessels of an embryo ca. 
27 days of gestation (9.5 mm CRL). Left lateral aspect. Reduced 1/2. //second aortic arch 
regressed; 111, IV, VI see Fig. 2; 1 aortic trunk; 2 pulmonary trunk; 3 ventral aortic root; 
4 ventrgl root of the sixth aortic arch; 5 primitive puhnonary artery; 6 sixth cervical inter- 
segmental artery; 7 preatlantal artery; 8 dorsal aortic root; 9 carotid duct; 10 longitudinal 

anastomosis; 11 dorsal aorta 

level of the third pharyngeal pouch. The middle, dorsoventrally flattened part, 
of the aortic root, from which the third and fourth aortic arches originate, appears 
to be unpaired. However, the left and right halves of the ventral aortic root are 
quite distinct. A paired outgrowth from the ventral aortic root extends rostrad 
from which the remnants of the first two aortic arches originate. In  older embryos 
of this group, a paired outgrowth from the caudal part of the ventral aortic 
root can also be observed, with which the sixth aortic arches are connected. A 
pair of small primitive pulmonary arteries are observed at the junction of the 
sixth aortic arches with the ventral aortic roots. The left and right dorsal aortic 
roots unite at the level of the first thoracic segment. 

The first trace of division of the truncus arteriosus into the aortic and pul- 
monary channels can be observed in four embryos from 9 to 9.5 mm CRL (about 
27--28 days of gestation). This division first begins at the ventral aortic root 
area, between the fourth and sixth aortic arches, and progresses into the trnncus 
arteriosus. The caudal part of the ventral aortic root together with the sixth 
aortic arches becomes related to the pulmonary trunk, while the cranial part 
of the ventral aortic root together with the other aortic arches remains associated 
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with the aortic trunk (Fig. 3). The ventricles of the heart  are faced mainly rostral. 
Only in one embryo, of 9.5 m m  CRL, was the ventricular region already ventral 
to the atrial region. 

The third aortic arch courses from the ventral aortic root dorso-rostrad and 
the segment of the dorsal aortic root between the third and fourth aortic arches, 
the carotid duct, is considerably attenuated. An extensive fusion can be observed 
between the fourth and sixth aortic arches at their junction with the dorsal 
aortic root. MesodcrmM islands arc developing in this area. The primitive pul- 
monary arteries originate at the junction of the sixth aortic arches with their 
ventral roots. The course of the primitive pulmonary arteries can be traced to 
the developing lungs. The union of the left and right dorsal aortic roots takes 
place at the level of the first rib. Jus t  rostral to this junction, a pair of well 
developed sixth cervical intersegmental arteries is given off from the dorsal 
aortic roots. These arteries supply the thoracic appendage buds. Five more 
pairs of cervical intersegmental arteries originate from the dorsal aortic roots. 
A relatively well developed pair of intersegmental arteries originates from the 
dorsal aortic roots at  the level of the fourth aortic arch. According to their position 
between the occipital segment and atlas and relation to the first cervical nerves, 
these arteries are regarded as the preatlantal arteries. A longitudinal anastomosis 
extends from the preatlantal artery caudad, receiving on its way the first to 
fifth cervical intersegmental arteries, and terminating on the sixth cervical 
intersegmental artery. 

In two older embryos of l 1.5 and 12 mm CRL (about 30--32 days of gestation) 
the ventricles of the heart are located mainly ventral to the atrial region but the 
apex of the heart is still directed rostrad and reaches the level of the second 
visceral arch. The division of the truncus arteriosus into the aortic and pulmonary 
trunks has progressed considerably but a total separation of both trunks has 
not been completed. The aortic trunk courses at the right aspect of the pulmonary 
channel and divides at the level of the third pharyngeal pouch into the left and 
right ventral aortic roots from each of which the fourth, third and remnants of 
the second aortic arches originate. The cranio-dorsal course of the third aortic 
arch is distinct. The pulmonary trunk divides into the left and right ventral 
roots from which the left and right sixth aortic arches, respectively, originate. 
Distinct primitive pulmonary arteries originate from the point of junction between 
the sixth aortic arches and their ventral roots. In  the embryo of 11.5 mm CRL, 
a small vessel originates from the left ventral aortic root very close to the origin 
of the fourth aortic arch. This vessel courses dorsad between the fourth and sixth 
aortic arches and eventually joins the fused par t  of the fourth and sixth aortic 
arches (Fig. 4). On the right side, a similar small vessel originates from the 
ventral aortic root and after a short course dorsad joins the right fourth aortic 
arch. According to their position, these vessels are regarded as the vestigial 
fifth aortic arches. A small outpocketing from the pharynx which projects toward 
the rudimentary fifth aortic arch may be regarded as the fifth pharyngeal pouch. 
The left fourth and sixth aortic arches are larger than their respective arches 
of the right side. This assymetry is well marked in the embryo of 12 mm CRL in 
which the outlines of the primitive arch of the aorta can already be seen (Fig. 5). 
The fusion between the fourth and sixth aortic arches at their junction with the 

18 Z. Anat. EntwJckL-Gesch., Bd. 128 
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Fig. 4. A reconstruction (50 • of the aortic arches with related vessels of an embryo ca. 
30 days of gestation (11.5 mm CRL). Left lateral aspect, l~educed 1/2. II  second aortic 

arch regressed; II1--V1 third through sixth aortic arches; 1--11 see Fig. 3 

dorsal aortic roots with the formation of the mesodermal islands can be observed 
as in the previous group of embryos, 

The left dorsal aortic root is considerably larger than the right one. The 
carotid duet is markedly attenuated. The preatlantal artery originates from the 
caudal end of the carotid duct. The longitudinal anastomosis extends from the 
preatlantal artery to the sixth cervical intersegmcntal artery. Other cervical 
intersegmental arteries are very small and partially regressed. The left and right 
dorsal aortic roots unite at the level between the first and second ribs. The left 
and right sixth cervical intersegmental arteries originate from the dorsal aortic 
roots at the level of the sixth cervical vertebra. They course to the developing 
thoracic appendages. 

Second Period. Trans/ormation o] the Aortic Arches and Formation o/ the De/initive 
Arch o/the Aorta and the Common Brachiocephalic Trunlc 

Three distinct stages of development precede the formation of the definitive 
~rch of the aorta and the common brachiocephalic trunk. 

Stage I (Figs. 6, 7 a and b, 11 a and b; Table 2). Observations are based on six 
embryos from 14 to 15.5 mm CRL (about 34--35 days of gestation). The base 
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Fig. 5. A reconstruction (50 X ) of the aortic arches with related vessels of an embryo ca. 
32 days of gestation (12 mm CRL). Left lateral aspect, gedueed 1/2. I I  second aortic arch 

regressed; III ,  IV, VI see Fig. 2; 1--11 see Fig. 3 

of the heart extends craniad as far as the level of the sixth cervical vertebra. 
The apex of the heart is oriented caudo-ventral and reaches the level of the 
fourth thoracic vertebra. The truncus arteriosus is completely subdivided into 
the pulmonary and the aortic channels. The right sixth aortic arch is regressed 
leaving only its ventral root from which the right primitive pulmonary artery 
originates. The origin of the left primitive pulmonary artery is very close to the 
right one. The left sixth aortic arch, the ductus arteriosus, is relatively short. 
I t  joins the ventral aspect of the primitive arch of the aorta at an angle of 90 to 
100 ~ at the level of the sixth or seventh cervical vertebra. The lumen of the dnctus 
arteriosus at the junction with the primitive arch of the aorta is relatively smaller 
than the lumen of the latter. The longitudinal axis of the ductus arteriosus and 
the pulmonary trunk is directed ventrad. The left recurrent laryng'eal nerve 
branches from the vagal nerve at the point where the dnctus arteriosus joins 
the primitive arch of the aorta. The left recurrent laryngeal nerve courses around 
the caudal aspect of the ductus arteriosus eraniad and is located between the 
trachea and the left fourth aortic arch. 

The relatively long aortic trunk divides into a larger left ventral aortic root 
and a smaller right ventral aortic root. The larger left and much smaller right 

18" 



Table 2. Second period 

Number CRL 
of em- mm 
bryos 
nsed 

Approx. Position of the heart Position Position Position of the 
gestation of the of the origin of the left 
age in base apex arch of ductus subclavian artery 
days the aortaa arteriosus 

First stage: Primitive mammalian pattern - -  3 vessels - -  innominate artery, left common 
carotid artery, left subclavian artery 

14--15.5 34--36 C6 T4 to T5 C5 to C6 C6 to C7 Caudal to the duetus 
arteriosus 

Second stage: 2 vessels - -  brachiocephalic artery, left subclavian artery 

14.5--16.6 36--37 T1 T6 to T7 C7 to T 1 T 1 to T2 At the junction of the 
duetus arteriosus with 
the primitive arch 
of the aorta 

17 

Third stage: 2 vessels as in the second stage. First appearanc of the bicarotid trunk 

16--20.5 38--40 T2 to T3 T6 to T9 T1 to T3 T2 to T4 Cranial to the ductus 
arteriosus 

34 

Final stage: Common brachiocephalic trunk 

19--35 42~49 T3 to T4 T8 to T9 T3 to T6 T4 to T6 On the CBT. 
Level of T 3 

C = cervical vertebra; T = thoracic vertebra. 
u Primitive in stage 1--3. 

Fig. 6. A reconstruction (50 • ) of the aortic arches and their derivatives of an embryo ca. 
34 days of gestation (14 mm CRL). Right lateral aspect. Reduced 1/2. H I ,  IV,  VI  see Fig. 2; 
1 aortic trunk; 2 pulmonary trunk; 3 left ventral aortic root; 4 right ventral aortic root; 
5 remnant of the right ventral root of the sixth aortic arch; 6 primitive pulmonary arteries; 
7 carotid duct;  8 left dorsal aortic root; 9 right dorsal aortic root; 10 sixth cervical inter- 

segmental artery; 11 dorsal aorta 
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Fig. 7 a and b. A reconstruction (50 • of the primitive arch of the aorta and the vessels of 
the primitive mammalian pattern of an embryo ca. 35 days of gestation (15 mm CRL). 
7 a Left lateral aspect; 7 b Right dorsal aspect. Reduced 1/2. 1 ascending aorta; 2 pulmonary 
trunk; 3 primitive arch of the aorta; 4 innominate artery; 5 left common carotid artery; 
6 right common carotid artery; 7 right subclavian artery; 8 left subclavian artery; 9 ductus 

arteriosus; 10 primitive pulmonary arteries; 11 dorsal aorta 

dorsa l  aor t ic  roots  can sti l l  be observed in younger  embryos  of this  stage. Both  
dorsa l  aor t ic  roots  uni te  caudal  to  the  origins of the  s ix th  cervical  in te rsegmenta l  
arteries.  The segments  of the  left  and  r ight  dorsal  aor t ic  roots  between the four th  
and  th i rd  aor t ic  arches,  the  caro t id  ducts ,  are still  present ,  as ve ry  a t t e n u a t e d  
vessels in younger  embryos  of th/s  stage. The p r ea t l an t a l  a r t e ry  is a l r eady  
regressed.  Cranial  to  the  th i rd  aor t ic  arches,  the  dorsa l  aor t ic  roots  can be t r aced  
in serial  sections to the  in fundibulum.  

The left  and  r igh t  four th  aor t ic  arches are easi ly  recognizable in an embryo  
of 14 ram CI%L. The dorsal  l imi t  of the  lef t  four th  aor t ic  arch is m a r k e d  b y  ~he caudal  
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end of the carotid duct. The proximal limit of the left fourth aortic arch is marked by 
the caudal end of the ventral aortic root between the third and fourth aortic 
arches. Also the same landmarks form the dorsal and ventral limits of the very 
short right fourth aortic arch. The right recurrent laryngeal nerve is given off 
from the vagal nerve caudal to the right fourth aortic arch and curves around 
its caudal and medial aspect. 

As soon as the carotid ducts disappear in older embryos of this stage, the 
dorsal limits of the left and right fourth aortic arches no longer can be determined 
with certainty. The left fourth aortic arch, including the proximal part  of the ventral 
aortic root and the dorsal aortic root, as far caudal as the sixth cervical inter- 
segmental artery, becomes the primitive arch o/the aorta (Fig. 7 a, b). I t s  curvature 
has a U-shape in embryos of this stage but changes its form to a V-shape in older 
embryos. The curvature of the primitive arch of the aorta is located at  the level 
of the fifth or sixth cervical vertebra. The aortic trunk from the semilunar valves 
to its bifurcation into the ventral aortic roots constitutes the ascending aorta. 

After the right dorsal aortic root looses its caudal connection with the left dorsal 
aortic root, the proximal part  of the right ventral aortic root to the origin of the fourth 
aortic arch becomes the so-called innominate artery, which appears as a branch of 
the primitive arch of the aorta. The right sixth cervicalintersegmental artery, which 
originates from the right dorsal aortic root, together with this root and the right 
fourth aortic arch forms the right subclavian artery, which appears as a branch 
of the innominate artery. The left sixth cervical intersegmental artery originates 
from the left dorsal aortic root just caudal to its junction with the ductus arteri- 
osus, and becomes the left subclavian artery. The other cervical intersegmenta] 
arteries cranial to the sixth cervical intersegmental artery are regressed. 

The left and right third aortic arches, although much shorter than in the 
embryos of 12 mm CRL, can still be recognized in younger embryos of this stage. 
However, after the regression of the carotid ducts, the distal ends of the third 
aortic arches cannot be determined with certainty. The segment of the ventral 
aortic root between the left third and fourth aortic arches becomes the left 
common carotid artery, which in this stage appears as a direct branch of the 
primitive arch of the aorta. The segment of the right ventral aortic root between 
the right third and fourth aortic arches becomes the right common carotid 
artery which appears as a branch of the innonfinate artery. Cranial to the origins 
of the third aortic arches, the left and right ventral aortic roots can be traced 
in serial sections toward the mandibular region as relatively small vessels, the 
external carotid arteries. 

Summary. This stage of transformation of the aortic arches is characterized 
by  complete division of the truncus arteriosus into the aortic and pulmonary 
trunks, by  regression of the right sixth aortic arch, and by formation of the 
primitive arch o/ the aorta from which three vessels, the innominate, the left 
common carotid, and the left subclavian arteries are given off. This arrangement 
of vessels can be regarded as the primitive mammalian pattern. 

Stage 2 (Fig. 8 ; Table 2). Included in the specimens examined are seven embryos 
from 14.5 to 16.5 ram CI~L (about 36--37 days of gestation). The general devel- 
opment of the embryos of this stage is only slightly advanced beyond tha t  of the 
embryos of the preceding stage. 
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I I 

Fig. 8. A reconstruction (50 • ) of the primitive arch of the aorta with related vessels of the 
second stage of development of an embryo ca. 36 days of gestation (16 mm CRL). Left lateral 

aspect. Reduced 1/2. 1--11 see Fig. 7; 12 brachiocephalic artery 

The base of the heart lies just cranial to the first thoracic vertebra at which 
level is also located the curvature of the primitive arch of the aorta. Its curvature 
has assumed the form of a letter V and with an angle of about 80 ~ The apex 
of the heart is directed slightly caudo-ventrad reaching the level of the sixth 
intercostal space. The short ductus arteriosus joins the ventral aspect of the 
primitive arch of the aorta in an angle of about 140 ~ at the level of the first 
to second thoracic vertebra. The lumen of the primitive arch of the aorta at this 
junction is larger than that of the ductus arteriosus. The longitudinal axis of the 
duetus arteriosus and the pulmonary trunk is directed slightly dorso-craniad. 
The proximal ends of the left and right primitive pulmonary arteries are 
approaching each other. However, they still originate separately. 

The proximal end of the left common carotid artery (the old left ventral 
aortic root between the third and fourth aortic arches) and the innominate 
artery (the caudal part of the old right ventral aortic root) are joined as a short 
common vessel, the braehiocephalie artery, which appears as a cone-like extension 
of the primitive arch of the aorta. The innominate artery, which still can be 
identified, at least as a part of the old right ventral aortic root, divides at the level 
of the fifth cervical vertebra into two vessels which course in opposite directions 
to each other. One of these, the right subclavian artery, courses caudad along 
the trachea and esophagus, the other vessel, the right common carotid artery, 
runs craniad along the trachea. The proximal part of the right subclavian artery, 
the old right fourth aortic arch, can still be identified by its relation to the 
right recurrent laryngeal nerve. The left subclavian artery originates from the 
primitive arch of the aorta at the level of the junction of the ductus arteriosus 
with the primitive arch of the aorta. 

Summary. Characteristic features of this stage are the further caudal location 
of the heart, primitive arch of the aorta, and ductus arteriosus, and the formation 
of the brachiocephalie artery by the fusion of the left common carotid and innom- 
inate arteries. The left subclavian artery originates now from the primitive arch 
of the aorta at the level where the latter joins with the ductus arteriosus. Two 
vessels, the braehioeephalie and left subclavian arteries, originate from the 
primitive arch of the aorta in this stage. 
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I I 

Fig. 9. A reconstruction (50 x ) of the primitive arch of the aorta with related vessels of the 
third stage of development of an embryo ca. 38 days of gestation (17 mm CRL). Left lateral 

aspect, l~educed 1/2.1~12 see Fig. 8; 13 bicarotid trunk 

4 

1o 

Smrq, 

12 

Fig. 10. A reconstruction (50 • ) of the definitive arch of the aorta with related vessels of the 
final stage of development of an embryo ca. 42 days of gestation (34.5 mm CI~L). Left laterM 
aspect. Reduced 1/2. I ascending aorta; 2 pulmonary artery; 3 arch of the aorta; 4 common 
brachiocephalie trunk; 5 left subclavian artery; 6 brachiocephalic artery; 7 right subclavian 
artery; 8 bicarotid trunk; 9 left common carotid artery; 10 right common carotid artery; 

11 ductus arteriosus; 12 dorsal aorta 

Fig. l l a - - d .  Cross section (25?<) of embryos: 14 mm CP~L (a); 15 mm CRL (b); 17 mm CRL 
(c) and 34.5 mm CRL (d). Delafield hematoxylin. (a) and (d) 20 microns; (b) and (c) 15 microns. 
Notice position of the ductus arteriosus with relation to the axial skeleton in different 
developmental stages. 1 aortic trunk; 2 ductus arteriosus; 3 primitive arch of the aorta 
(definitive arch of the aorta in d); 4 right dorsal aortic root; 5 pulmonary artery (primitive 
pulmonary artery in b) ; C6, C 7 sixth and seventh cervical vertebrae; T2, T5 second and 
fifth thoracic vertebrae; a trachea; b esophagus; c vagus nerve; d Ieft recurrent laryngeal nerve 
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t~ig. 11 a - - d  
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Stage 3 (Figs. 9, 11 c; Table 2). Observations are based on seventeen embryos 
from 16.0 to 20.5 mm CRL (about 38--40 days of gestation). The heart has 
moved into the thoracic cavity. The base of the heart lies at the level of the first 
or second rib in the younger embryos, and at the level of the third or fourth rib in 
older embryos of this stage. The apex of the heart extends to the level of the 
sixth or seventh rib in younger embryos, and to the level of the eighth or ninth 
rib in older embryos of this stage. The primitive arch of the aorta has a typical 
V-shape with an angle of 70 to 80 ~ . The cranial border of the primitive arch of 
the aorta is located at the level of the first rib in younger embryos and at the 
level of the second or third rib in older embryos of this stage. The ductus arteriosus 
is relatively short. Its lumen, at the junction with the primitive arch of the aorta 
in younger embryos of this stage, is still smaller than that of the primitive arch 
of the aorta. However, in older embryos of this stage, the lumina of both channels 
have almost the same diameter. I t  joins the primitive arch of the aorta at the 
ventral aspect at an angle of 120 ~ at the level of the second to fourth thoracic 
vertebra. The longitudinal axis of the ductus arteriosus and the pulmonary 
trunk is directed as in stage 2. The right and left primitive pulmonary arteries 
are united at their origins to form a short common trunk. 

The braehiocephalic artery is considerably longer than in the preceding stage. 
I t  originates with a cone-like enlargement from the primitive arch of the aorta. 
Both the left and right common carotid arteries are already fused at their proximal 
ends to form a short bicarotid trunk. The right subclavian artery, which is shorter 
than in the preceding stage, originates at the level of the sixth cervical vertebra. 
The left subclavian artery originates from the primitive arch of the aorta eraniM 
to the distal end of the duetus arteriosus, between the latter and the brachio- 
cephalic artery. 

Summary. Typical for this stage is the elongation of the braehioeephalic 
artery and first appearance of the biearotid trunk. The location of the origin 
of the left subclavian artery is eraniM to the ductus arteriosus. 

Final Stage (Figs. 10, l l d ;  Table2). Included are 34 embryos from 19 to 
35 mm CRL (about 42 19 days of gestation), seven older embryos (41--88 mm 
CRL, about 50--65 days of gestation), and several fetuses (165 mm to 335 mm 
CI~L, about 100--150 days of gestation), and a full-term fetus. The first trace 
of fusion of the sternal primordia can be observed in the embryos of 24 mm CI~L 

and older. 
The base of the heart lies in younger embryos of this stage at the level of the 

second rib, while in the older embryos and in the fetuses, the base is at the level 
of the third intercostal space. The apex of the heart in younger embryos of this 
stage reaches the level of the eighth intercostal space, while in the older embryos 
and fetuses, the apex is at the level of the ninth rib. Individual variations have 
also been observed. The longitudinal axis of the heart is directed dorso-ventrad 
with a slight caudal deviation. The arch of the aorta has achieved its definitive 
position and shape. I t  lies at the level of the third intercostal space. Variations 
in the position of the arch of the aorta range from fourth to fifth intercostal 
space. The angle of the flat V-shaped arch of the aorta has increased to l l0  ~ The 
lumen of the arch of the aorta at the junction with the duetus arteriosus is mark- 
edly smaller than that of the ductus arteriosus. The ductus arteriosus joins now 
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Fig. 13 a--c. Frontal section (25 x ) of embryos: 16.5 rata CRL (a); 17 ram CRL (b) and 20 tara 
CRL (c). Alum-carraine (a and b) ; Delafield hematoxylin (c). 20 microns. Iqotir position of the 
origin of the right subclavian artery with relation to the axial skeleton in different develop- 
mental stages. 1 primitive arch of the aorta; 2 ductus arteriosus; 3 braehioeephalic artery; 
4 right subclavian artery; 5 left common carotid artery; R1 first rib; a trachea; b esophagus; 

c left recurrent laryngeal nerve; d vagus nerve 

at the lateral aspect of the arch of the aorta  at  the level of the fifth thoracic 
vertebra. I n  the earlier stages, this junct ion was at the ventral  aspect of the 
primitive arch of the aorta  and its lumen at this point  was larger than  tha t  of 
the ductus arteriosus (compare Figs. 7 - -10  and 11 a - -d) .  Also the angle of junct ion 
has increased to 150 ~ and the longitudinal axis of the duetus arteriosus and the 
pu lmonary  ~runk is directed distinctly craniad. Both  the left and r ight  branches 
of the pu lmonary  ar tery  originate by a relatively long common trunk.  

The origin of the left subclavian ar tery  has joined at the level of the third 
thoracic vertebra the brachiocephalic artery, which now is regarded as the 
common brachioccphalie t runk  (Figs. 10 and 12c). I t  originates with a typical  
cone-hke enlargement at  the summit  of the arch of the aorta. The segment 
of the vessel f rom the origin of the left subclavian ar tery  to the origin of the 
right subclavian ar tery  is of variable length and can be recognized as the brachio- 
cephalic artery. The right subclavian ar tery  is considerably shorter than  in the 
earlier stages; it originates at  the level of the first rib (compare Fig. 13 a---c). The 
lengths of the bicarotid t runk  and the CBT also show individual variations. 

The formation of the arch of the aor ta  and the CBT in the older embryos 
(41--88 m m  CI~L) and in the fetuses is basically similar to t ha t  of the embryos  
of the final stage. 
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Summary. The final stage of the transformation of the components of the 
aortic arches is characterized by the formation of the definitive arch of the aorta 
and by  the development of a single arterial trunk, the common brachiocepha]ic 
trunk, which originates with a cone-like enlargement from the arch of the aorta. 

Discussion 

The aortic arches observed in the present s tudy originate from a distinct root 
area at the distal end of the truncus arteriosus. CO~GDO~ (1922) called the dilated 
distal end of the truncus arteriosus the aortic sac. In  agreement with B A ~ r  
(1951), this root area of the truncus arteriosus is designated as the ventral aortic 
root, which is identical with the "ventra l  aor ta"  of the older nomenclature. 
When the truneus arteriosus divides into the aortic and pulmonary channels, 
the left and right ventral roots of the left and right sixth aortic arches, respec- 
tively, become related to the pulmonary channel, while the left and right ventral 
aortic roots of the other aortic arches remain associated with the aortic channel. 
The results of the present investigation do not support Lno~cA's (1934) conclusion 
that  the ventral aorta is absent in those animals in which both carotids and 
subclavian arteries originate from a common trunk. The paired dorsal aortae, 
representing the efferent channels of the aortic arches, are called in the present 
s tudy the dorsal aortic roots, and the fused part  of the originally pMred dorsal 
aortae is designated as the dorsal aorta. 

Six pairs of the aortic arches are observed in the first period of the devel- 
opment. The first two pairs of the aortic arches regress very early while the fifth 
aortic arch appears in a vestigial form relatively late in the first period of the 
development, when the truncus arteriosus divides into the aortic and pulmonary 
channels. This agrees with the author 's  earlier reports on the development of 
the aortic arches in the equine embryos (VITu~s, 1949, 1951). Extensive fusions 
with formation of the mesodermal islands and wide communications are observed 
between the distal ends of the fourth and sixth aortic arches especially in the 
later developmental stages of the first period. However, these communications, 
in agreement with TANDL~ (1902, 1909), are not interpreted as the vestigial 
fifth aortic arch. 

Seven pairs of the cervical interscgmentM arteries are observed in the first 
period of the development. The sixth cervical interscgmental ar tery supplies 
the thoracic appendage-bud and is considered as the primitive subclavian artery. 
The origin of both the left and right primitive subclavian arteries changes from 
the dorsal aorta to the dorsal aortic roots in the older embryos of the first 
period of development. In  agreement with B~o~A~ (1908), this is regarded as 
an apparent  migration that  is caused by the movement  of the aortic arches 
complex caudad. 

Rostral to the first cervical intersegmental artery, a distinct intersegmental 
ar tery is observed. According to its location between the occipital segment and 
the atlas, and its relation to the first eervicM nerve, this ar tery is identified as the 
preatlantal artery. This vessel was already observed and correctly interpreted 
by  F~O]~IEP (1886) in bovine embryos, and by tIocHsTWTTW~ (1890) in rabbi t  
embryos. SCH~ID~L (1932), in his extensive report on the development of the 
vertebral ar tery in human embryos, called this artery the postoceipital artery.  
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The term proatlantal artery was proposed by PADGET (1955). A comprehensive 
study on this subject was made by MOFFAT (1957, 1959) in rat embryos. GIS~L 
(1959) proposed the term arteria suboccipitosegmentalis, and named the sixth 
cervical intersegmental artery the arteria brachiosegmentalis. The present 
investigation has adapted with minor grammatical changes the term preatlantal 
artery (~  proatlantal artery of PADGET, 1955). 

Apparent discrepencies in the literature concerning the origin of the subclavian 
artery from the sixth or seventh cervical intersegmental artery result from 
different interpretations of the serial number of the cervical intersegmental 
arteries. If the preatlantal artery is counted as the first cervical intersegmental 
artery, then the serial number of the cervical intersegmental artery from which 
the subclavian artery originates is seven. However, if the preatlantal artery is 
not included, then the origin of the subclavian artery is the sixth cervical inter- 
segmental artery. The present investigation concerning the serial numbering 
of the subclavian artery is in agreement with observations by HOCRST]~TT]~ 
(1890), S I C ~  (1912), SC~MEIDEL (1932), PADG~T (1955), MOFSAT (1957, 1959), 
and GISEL (1959). 

The shifting of the position of origin of the preatlantal artery from the level 
of the sixth aortic arch to the level of the caudal end of the carotid duct in equine 
embryos is similar to that observed by MOFFAT (1957, 1959) in rat embryos. 
However, this "migration craniad" along the dorsal aortic root is only an apparent 
migration resulting from the relative movement of the aortic arches caudad. 
The present observations also indicate that the proximal part of the preatlantal 
artery in equine embryos disappears before a complete regression of the carotid 
duet. A relatively late persistence of the preatlantal artery was reported by 
MOFFAT (1959) in rat embryos. 

Three distinct stages of development precede the formation of the definitive 
arch of the aorta and the common brachioeephalic trunk. The primitive arch 
of the aorta appears in the equine embryos at about 35 days of gestation. Three 
vessels, the innominate (braehioeephalie) artery, the left common carotid artery, 
and the left subclavian artery, originate from the primitive arch of the aorta 
in the first stage of development. This arrangement of the vessels can be regarded 
as the primitive mammalian pattern, as implicitly recognized by RAT~gE (1843) 
and by HOCHSTET~g (1891, 1906). The primitive mammalian pattern can also 
be identified in the canine embryos (VITuMs , nnpublished). It is suggested that 
the primitive mammalian pattern may also appear in the embryonic development 
of other mammalian species (see Figs. 1--3, HerMAn,, 1914; Fig. 27, H~USER, 
1923). Apparently, the stage of the primitive mammalian pattern in human 
embryos leads directly into the adult state, after the arch of the aorta and its 
three vessels have attained their definitive position and shape (see Figs. 15 and 40, 
CO~GDOX, 1922). 

A congenital anomaly has been reported by HUTY~A (1890) in a donkey in 
which three vessels, the right braehiocephalic (innominate) artery, the left 
common carotid artery and the left subclavian artery, originated from the arch 
of the aorta. This ease apparently represents an arrest of the primitive mammalian 
pattern in the early embryonic development of this animal. 

The primitive arch of the aorta incorporates, in addition to the left fourth 
aortic arch, the proximal part of the ventral aortic root and left dorsal aortic root 
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from the fourth aortic arch to the origin of the left subclavian artery. This is 
in agreement with the observation by ZIMM~MA~N (1890) in the human embryo 
and with the interpretation by B A ~ y  (1951). 

The present investigation indicates tha t  the innominate (brachiocephatic) 
artery is derived from the proximal par t  of the right ventral aortic root. A similar 
origin of the innominate artery has been described by ZIMMERMANN (1890) in 
the human embryo. There is no evidence in the present study that  the right 
fourth aortic arch is incorporated in the formation of the innominate artery, as it 
was suggest by MOFFAT (1959) for rat  embryos. However, the present obser- 
vations support the evidence that  the right fourth aortic arch is incorporated in 
the formation of the definitive right subclavian artery. This is in agreement with 
observations by ZIMMEXMANN (1890), CO~GDON (1922), L~wIs (1923), HEUSE~ 
(1923), and B A ~ y  (1951), but disagrees with the observations by HOFMANN 
(1914), LZO~CA (1934), and MOFFAT (1959). Various congenital anomalies of the 
right subclavian artery also support the view that  the right fourth aortic arch 
has been incorporated in the formation of a normal right subclavian artery. For 
references see BANCHI (1907), HOLZAFr~L (1899), BA~Y (1951), and VITUMS (1962). 

The common carotid arteries are derived in equine embryos from the ventral  
aortic roots between the third and fourth aortic arches. The third aortic arch 
proper, however, becomes the proximal part  of the internal carotid artery, while 
its distal part  is formed by the dorsal aortic root cranial to the third aortic arch. 
This is in agreement with the observations by  TANDLS~ (1902), GOLVB (1931), 
and BARRY (1951), but  disagrees with the observations by CONGDON (1922), and 
HAMMOND (1937). The opinion of MGFFAT (1959) that  the common carotid arteries 
are developed from the elongation of bhe cranial portion of the aortic sac is in 
agreement with the present observations, assuming that  the aortic sac and the 
ventral aortic root are homologous structures. I t  is suggested that  the extensions 
of the left and right ventral aortic roots cranial to the third aortic arches give 
rise to  the left and right external carotid arteries, respectively, in equine embryos. 

A rare congenital anomaly of the left and right common carotid arteries has 
been reported in a Shetland pony by VITUMS (in press). The bicarotid trunk, 
which originated as usual from the brachiocephalic artery, was very short 
and divided at the thoracic inlet into the left and right common carotid arteries. 
Both common carotid arteries were very short, and each divided into a larger 
external and smaller internal carotid artery which coursed within the carotid 
sheath toward the head. The elongation of the left and right ventral aortic roots 
between the third and fourth aortic arches apparently did not occur in this case 
during the embryonic development. The observations by MOFFAT (1959) suggested 
tha t  the extremely short common carotid arteries may  result from the persistent 
carotid duet. Certain rare congenital anomalies of the carotid arteries have been 
described in humans. These anomalies may be of significance in the interpretation 
of the embryonic primordium of the carotid arteries. For discussion and references 
see ADAMS (1957). 

The left subclavian artery, as the third vessel of the primitive mammalian 
pattern, originates from the primitive arch of the aorta caudal to the distal 
end of the ductus arteriosus. Both primitive subclavian arteries are homologous 
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structures derived from the sixth cervical intersegmental arteries. However, 
the right primitive subclavian artery in its further development incorporates, 
in addition to the sixth cervical intersegmental artery, the right fourth aortic 
arch and the caudal segment of the right dorsal aortic root, wlfile the left primitive 
subclavian artery retains its primitive feature. Thus, morphologically, the left 
and right subclavian arteries in the adult are not homologous structures. 

Owing to the descent of the heart, secondary changes occur that  affect the 
shape of the primitive arch of the aorta and the arrangement of the vessels of the 
primitive mammalian pattern in equine embryos (Fig. 14). I t  seems that  the 
curvature of the primitive arch of the aorta, as it  follows the descent of the heart, 
is subject to a continuous tension by the vessels that  originate from the arch 
of the aorta. As a result of this tension the curvature of the primitive arch changes 
its form from a U-shape, at the level of the fifth cervical vertebra, to a V-shape, 
at the level of the thoracic inlet. A cone-like extension appears at the summit 
of the primitive arch of the aorta, into which the origins of the innominate artery 
and the left common carotid artery are incorporated thus forming the braehio- 
cephalic artery in the second stage of development. This agrees with the obser- 
vation by ttOF~A~N (19141 and H ~ u s ~  (19231 on the formation of the brachio- 
cephalic artery in pig embryos. The formation of the braehiocephalic artery by a 
cranial expansion of the aortic sac has also been described by KREDIET (19621 in 
pig embryos, which basically agrees with the present observations, assuming 
that  the aortic sac and the ventral aortic root are homologous structures. Follow- 
ing these changes, the origin of the left subclavian artery in the second stage of 
development is at the level of the ductus arteriosus. 

An arrangement of vessels similar to that  found in the second stage in the 
present investigations has been reported in an adult bovine with a congenital 
cervical ectopic heart (VITuMs, 19641. Apparently this condition was a result 
of an arrest of the descensus cordis before the definitive position of the arch 
of the aorta was achieved and the formation of the common brachiocephalie t runk 
was initiated. 

By further caudal movement of the primitive arch of the aorta, as it was 
demonstrated in the third stage of development, elongation of the brachioeephalic 
artery and fusion of the origins of the right and left common carotid arteries 
takes place, resulting in the formation of a bicarotid trunk. The origin of the left 
subclavian artery in the third stage of development is very close to the brachio- 
cephalic artery. 

The present investigation indicates that  the bicarotid t runk appears early 
in the development of equine embryos, before the common brachioeephalic t runk 
is formed. A relatively late formation of the bicarotid t runk has been reported 
by HAMMOND (19371 in bovine embryos. An absence of the biearotid t runk has 
been reported by S~:o])A (1912) in an adult horse, which may be explained by a 
failure to form a common trunk for the origins of both carotid arteries in the 
third stage of development. 

Finally, when the primitive arch of the aorta reaches its definitive position 
at the level of the third thoracic vertebra in equine embryos of about 42---49 days 
of gestation the angle of the arch of the aorta is more than 100 ~ and resembles 
the shape of the arch of the aorta of an adult equine. 

19 Z. Anat. Entwickl.-Gesch., Bd. 128 
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The origin of the left subclavian artery is already incorporated in the common 
brachiocephalic trunk. There is no evidence in equine embryos that the definitive 
shape of the arch of the aorta is already achieved before the CBT is formed. 
This disagrees with the conclusions by GoLvB (1931) for bovine embryos. 

The present investigation suggests that a part of the primitive arch of the 
aorta contributes to the formation of the CBT. However, there is no evidence 
about the components of the primitive arch of the aorta that may be involved 
in the formation of the CBT in equine embryos. 

The opinion by RAT~K~ (1843), PITZOgNO (1903), and LASSlLi (1927/28) that 
the origin of the left subclavian artery first is fused with the origin of the left 
common carotid artery to form the left innominate artery (which then unites 
with the right innominate artery to form the CBT) cannot be supported by the 
present investigation. I t  is suggested that in other mammalian species in which 
the CBT is present the development of this trunk might be similar to that of 
the equine species (see Figs. 5---7, L~wls, 1923; Figs. 6--8, GOLVB, 1931 ; Figs 3--5, 
HAMMOND, 1937). 

The origin of the left subclavian artery in equine embryos, following the 
descent of the heart and the primitive arch of the aorta, is also shifted caudad 
from its original level at the sixth cervical vertebra to the level of the third 
thoracic vertebra (Figs. 12 a--c, 14). Since the distal end of the left subclavian artery 
is relatively fixed in its position, the proximal part of this artery must elongate 
in order to follow the descent of the primitive arch of the aorta. On the other 
hand, the right subclavian artery, following the descent of the heart, becomes 
considerably shorter (Fig. 13 a--c). This shortening affects mainly that part of the 
right subclavian artery that is derived from the right dorsal aortic root. I t  can 
no longer be identified with certainty after the right subclavian artery has assumed 
its definitive position at the level of the first rib. However, the proximal part of 
the right subclavian artery, which is derived from the right fourth aortic arch, 
can be recognized in all stages of the development by the presence of the righ~ 
recurrent laryngeal nerve, which curves around the caudal aspect of this part. 

Simultaneously with the caudal movement of the left subclavian artery, 
its origin gradually changes position along the primitive arch of the aorta. These 
changes are in relation %0 %he distal end of the duetns arteriosus (Fig. 14). While 
the latter is shifted caudad, the origin of the left subclavian artery appears to be 
"shifted" along the wall of the primitive arch of the aorta in the opposite 
direction. However, this "migration" of the left subclavian artery is only apparent 
and is only relative to the distal end of the dnctus arteriosus and the cranial 
border of the primitive arch of the aorta, but it is not relative to the axial skeleton. 
This is in agreement with the interpretation of the so-called "migration" of the 
vessels by B~o~A~ (1908). There is no histological evidence in equine embryos 
that rearrangement of ceils around the origin of the left subclavian artery takes 
place during this shifting along the arch of the aorta "by  spreading apart above 
and closing in below" as it was stated by LEwis (1923). 

The present investigation indicates that the change of the position of the 
distal end of the dnctus arteriosus is in eorrela%ion with the changes of the position 
of the heart and the primitive arch of the aorta. The ductus arteriosus lies in the 
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Fig. 14. Diagram of four developmental stages illustrating the positions of the arch of the 
aorta, the duetus arteriosus, and the left subclavian artery in relation to the axial skeleton. 
I. First stage. Primitive mammalian pattern, in which three vessels originate from the primitive 
arch of the aorta. I I .  Second stage. Formation of the brachioeephMie artery. Two vessels 
originate from the primitive arch of the aorta. I I I .  Third stage. First appearance of the biearotid 
trunk. IV . .Final  stage. Formation of the eommon braehioeephalie trunk. 1 primitive arch 
of the aorta (definitive arch of the aorta in IV)  ; 2 duetus arteriosus; 3 left subclavian artery; 
4 left common carotid artery; 5 innominate artery; 6 right common carotid artery; 7 right 
subclavian artery; 8 braehioeephalic artery; 9 biearotid trunk; 10 common brachioeephMie 
trunk; 11 primitive pulmonary arteries (definitive pulmonary artery in IV);  R1 first rib; 
C4 to C7 fourth through seventh eervieM vertebrae; T1 to TIO first through tenth thoracic 

vertebrae 

s tage of the  p r imi t ive  m a m m a l i a n  p a t t e r n  a t  the  level of the  6 - - 7  cervical  ve r tebra ,  
while i t  has  assumed  i ts  def ini t ive pos i t ion  a t  the  level of the  4 - - 6  thorac ic  
v e r t e b r a  in the  f inal  s tage of deve lopmen t  (Fig. 14). S imul taneous ly  wi th  the  
t r ans loca t ion  of the  duc tus  ar ter iosus  i t s  cauda l  angle of the  junc t ion  wi th  the  
arch  of the  ao r t a  increases.  This angle is 90 to  105 ~ in the  s tage of the  p r imi t ive  
m a m m a l i a n  pa t t e rn ,  while i t  increases to 150 ~ a t  the  def ini t ive posi t ion.  Con- 

19. 
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currently with increase of this angle the longitudinal axis of the ductus arteriosus 
and the pulmonary trunk also changes its direction from dorso-ventral to dorso- 
cranial. A similar transloeation of the duetus arteriosus has been observed by 
CO~GDO~ (1922) in human embryos, and by GoLuB (1931) and H A ~ o ~ D  (1937) 
in bovine embryos. Significant also are changes of the relative size of the lumen 
of the ductus arteriosus. The lumen of the ductus arteriosus at its junction with 
the primitive arch of the aorta is relatively smaller than that  of the primitive 
arch of the aorta in the early stage of the development. However, the lumen of the 
duetus arteriosus at its junction with the arch of the aorta becomes considerably 
larger than that of the aorta in the final stage of the development. The narrow 
part of the arch of the aorta which appears at the junction with the ductus 
arteriosus may be regarded as the so-called isthmus aortae. A similar narrowing 
of the arch of the aorta at its junction with the ductus arteriosus has also been 
reported by K~DI~T (1962) in the bovine embryo. 

The observations by RATItKE (1843) and Hoc~s~TTv,~ (1891, 1906) that the 
level of the arch of the aorta and the position of the heart are the main factors 
that may determine the number of vessels that  originate from the arch of the 
aorta are in agreement with the present investigation. However, the shape of the 
thorax has no direct influence on the determination of the definitive form of 
the arch of the aorta and number of vessels that  originate from it, because the 
form of the definitive arch of the aorta and development of the CBT in the 
equine embryos is already completed before the bilateratprimordia of the sternum 
are united. This is in agreement with RAT~X~ (1843) but disagrees with P~mso~s 
(1902). 

A correlation between the shape of the arch of the aorta and the arrangement 
of the vessels which are given off from it has been pointed out by LASSILA (1927/28) 
and GoLv~ (1931). However, the present investigation indicates that  this corre- 
lation is a result of the secondary changes that  affect during embryonic devel- 
opment the position and shape of the arch of the aorta as well as the arrangement 
of the vessels that  originate from it. 
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