
Virchows Arch. Abt. A Path. Anat. 349, 10--20 (1970) 

Radioautographic Study on the Obliteration 
of the Ductus arteriosus Botalli 

MASAO MATO, ElZO AIK)~WA, and YASUO UCHIYAMA 
Department of Anatomy, School of Medicine, Gunma University, Maebashi, Japan 

Received September 10, 1969 

Autoradiographische Untersuchungen zur Obliteration des Ductus arteriosus Botalli 

Zusammen/a~sung. Durch autoradiographische Untersuchungen wurde gezeigt, dab die 
Obliteration des Duetus arteriosus Botalli, welche wghrend einer kritischen Zeit abl/~uft, nicht 
nur durch die Wandzellen des Ductus sondern auch Elemente des strSmenden Blutes getragen 
wird. Wghrend der Phase der Proliferation besteht eine besondere StSranfglligkeit der Zellen, 
insbesondere gegeniiber Sauerstoffmangel. Es seheint, dal~ die Suszeptibilitgt genisch ver- 
ankert ist. 

Summary. From the findings obtained from the radioautographic study on the obliteration 
of the ductus arteriosus, the authors confirmed that the obliteration was not caused only by the 
proliferation of the cells in the intimal layer of the ductus, but rather by the migration of 
the cells into the lumen. When the embryos reached the final stage of fetal life, their ductus 
arteriosus possessed a specific property to obliterate after the blood flow ceased. Some dis- 
cussions are devoted to the etiology of the patent ductus arteriosus. 

Theories regarding the obliteration of the ductus arteriosus were postulated 
by many researchers. However, according to the critical review (Sciacca and 
Condorelli, ]960), there were many discrepancies among them. Some researchers 
believed that  the obliteration of the ductus started only after birth. The others 
were of the opinion that  the obliteration process took place preceding the onset 
of the respiration. The mechanism underlying the closure of the duetus arteriosus 
is a problem not yet entirely dissolved. 

However, there is a general agreement that the obliteration of the duetus 
arteriosus is composed of two phases; functional and anatomical closure, and the 
essential event of the anatomical closure consists in the proliferation of intimal 
cells and connective tissue, accompanied with atrophy of the muscular portion. 
Especially, the contributions of proliferation of intima] cells and increase of elastic 
fibers to the obliteration have been strongly emphasized without any experimental 
evidences in the conventional theories. 

In  our previous report (Mato and Aikawa, 1968), the authors proposed that  
the proliferation of intimal cells in the ductus arteriosus did not take a principal 
role, but the sliding or migration of the cells composing the vascular wall into its 
lumen (owing to the disruption of elastic layers) seemed to be an essential event 
for its obliteration, and further the authors demonstrated a specific change of the 
vascular structures at the intrauterine life. 

In  order to get a conclusive evidence for this hypothesis, it was required to 
survey sites of cell-proliferation and cell-migration of the vascular wall after or 
before birth. Therefore, the authors employed radioautographic method using aH- 
thymidine under various conditions to dissolve the problem. 
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lVIaterials and Methods 
Through this experiment, rats belonging to Wistar strain were used. Specimens including 

ductus arteriosus and thoracic aorta were removed from the animals and fixed in Bouin's 
fluid. The animals used for the experiment were classified into A--D groups. 

A. l~regnant rats were injected with 4 ~zc per gram of body weight of 8I-I-thymidine at 
the 21st day of pregnancy. Younglings at the 2nd day after birth were employed for the 
examination of the ductus and the thoracic aorta. 

B. Pregnant rats were injected with 4 ~zc per gram of body weight of 8H-thymidine at the 
20th day of pregnancy. ]0 hours later, the embryos were obtained by laparotomy. The speci- 
mens were removed from these embryos. 

C. Each younglings at birth day was injected with 4 izc per gram of body weight of 
3H-~hymidine, and sacrificed at 24 hours after the injection. Specimens were got from these 
younglings. 

D. Pregnant rats were treated with human gonadotropin (50 units) (Teikokuzoki) at the 
21st day of pregnancy, and at the following day injected with 2 y.c per gram of body weight 
of 3H-thymidine. 

The embryos were obtained by laparotomy from the pregnant rats after 24 hours. Some of 
specimens were fixed with Bouin's fluid just after excision and the others were incubated in 
rats' blood containing anticoagulant at 38°C for 120 minutes. Then, the specimens were 
immersed in the fixative. 

For age determination of embryos, the vaginal plug method was employed. After fixation 
for 24 hours, the specimens were embedded in wax by the routine procedures. The cross sec- 
tions at 4 ~z were performed with a microtome. After deparaffin, they were covered with NR- 
M2 emulsion (Saknra) by coating technic of radioautography according to Messier and Leblond 
(1957). Exposure time varied from 25 to 30 days. Then, the tissues were weakly stained with 
ttansen's haematoxylin-eosin. The percentage of mitosis (radioactive nuclei) was determined by 
counting labeled and unlabeled nuclei. This was done under oil immersion separating inner 
and outer regions of the ductus. As a control, the cell labelling frequency was examined in 
thoracic aorta. Nuclei showing more than three grains were considered as labeled. Each index 
in Table represents account of at least 500 nuclei. 

Results 

The authors '  a t t en t ion  was focused on the change of the sites of labeled nuclei  
accompanied with the obli terat ing process. If s t I - thymidine  was incorporated in  
dividing cells within several hours after the injection,  the percentage of labeled 
nuclei seemed to indicate  the mitot ic  ac t iv i ty  of the cells in  the vascular  wall 
a t  the time. If the obli terat ion of the ductus  arteriosus (d. a.) was due to a 
violent  proliferation of in t imal  cells, lebeled nuclei  should be seen in  the inner  
port ion of the ductus  more f requent ly  t h a n  in  the outer portion. 

Figs. 1 and  2 were photographed from specimens belonging to group A. I n  this 
stage, the ductus  was obl i terated completely and  composed of the inner  disarranged 
cell-mass and  of the outer circular layers of myocytes  (Fig. ]). The cells located 
in the inner  region were oval or cuboidal in  shape, while the cells in  the outer 
region had slender profiles. The thoracic aorta  of the same embryos took typical  
vascular  structures.  

The labeled nuclei in the ductus,  as shown in  Fig. 2, scattered considerably 
over whole of t ransverse sections of the d. a. and  did no t  concentra te  in  a ny  defi- 
ni te  regions, and  in  the thoracic aorta a certain a m o u n t  of the myocytes  seemed 
to be labeled (Fig. 3). 

I~adioactive index of the cells in  the obl i terated ductus  was similar to tha t  of 
thoracic aorta  t rea ted  with the same procedures (Table). 



12 M. Mato, E. Aikawa and Y. Uchiyama: 

3 

Figs. 1--3 
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Fig. 4. 10-hour interval. The ductus excised from embryos which are at the 21st day in ge- 
station. The distribution of the nuclei containing silver grains do not show any definite 

regions of the ductus 

Table. Labeling [requency o/the nuclei in the ductus arteriosu8 and the thoracic aorta 

Group Organ 

Ductus arteriosus 

inner region outer region 
(%) (%) 

Thoracic aorta 
(%) 

A 36.5 38.0 39.5 
B 27.2 26.5 - -  
C 7.8 11.0 18.0 
D 12.2 10.8 12.7 

These evidences seemed to indicate  t ha t  the d. a. and  thoracic aor ta  mMn- 
rained the same potency of mitosis till a certain stage of the fetal life, and  a 
proliferation of the cells brought  about  everywhere and  did no t  occur in the inner  
por t ion of the d. a. selectively. 

Fig. 4 was obta ined from the embryos belonging to the group B. At  this stage, 
which the embryos of the group B reached, the obl i terat ion process already s tar ted 
in the ductus  according to the previous report  (Mato and  Aikawa, 1968). As shown 
in  Fig. 4, endothelial  cells were swollen and  cell a r rangement  in  the in t imal  layer 
were somewhat  out  of order. However,  at  this stage the characteristic increase of 

Fig. 1. This figure shows the general picture of obliterated ductus argeriosus of the youngling 
of group A. Inner region of it is composed of disarranged cells and surrounded with some 

circular layers of myocytes. Labelled nuclei distributed evenly over whole area 
Fig. 2. High magnification of the inner region of Fig. 1. Silver grains in the nuclei are various 

in number 
Fig. 3. The thoracic aorta removed from the youngling under the same conditions of Fig. 1. 

Labeled nuclei are located mainly in circular arranged myoeytes 
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Fig. 5. 24-hour interval. The ductus is obtained from the younglings at the 2rid day after 
birth. Radioactive nuclei may be rather seen in outer layer of the ductus. The cells in the 
central part  are disarranged and some of them show a positive reaction. Some destroyed 

nuclei are shown by the arrow 

Fig. 6. The thoracic aorta in the same condition. The nuclei located in the muscular layers 
show a reaction 

cell-mitosis was seen ne i ther  in the  in t ima l  layer  nor  in the  o ther  definite regions 
(Fig. 4). 

The  nex t  expe r imen t  was ded ica ted  to  clarify whe ther  cell-mitosis in the  obli- 
t e ra t ing  ductus  cont inued  to occur a t  the  same level af ter  b i r th  or not .  

Figs.  5 and  6 were pho tog raphed  f rom the  youngl ings  belonging to the  group 
C. Some high concent ra t ion  of si lver grains  in labeled cells was found  evenly  in 
an  obl i te ra t ing  ductus  as shown in Fig.  5. As descr ibed in the  previous  repor t ,  in 
the  centra l  p a r t  of the  duc tus  a t  this  stage, the  degenera t ing  cells sca t t e red  mix ing  
wi th  in t ac t  cells r a n d o m l y  and  d i sa r rangement  of the  cells was discernible.  A n d  in 
the  outer  zone, myocy te s  somet imes  including lysosomes were a r ranged  circular ly.  
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Fig. 7.24-hour interval. The ductus of embryos treated with human gonadotropin. The ductus 
is composed of inner and outer layers. The nuclei having a relatively small quantity of silver 
grains are not always seen more frequently in the intimal layers, inner layer, IL; 

outer layer, OL 
Fig. 8. The thoracic aorta under the same condition. Labeled nuclei are present in the smooth 

muscle cells. Among them, elastic membranes are evident (arrow) 

I n  fac t  in Fig.  5, pykno t i c  and  des t royed  nuclei  were obvious in some por t ions  of 
the  centra l  region. F r e q u e n c y  of labe led  nuclei  in this  ob l i t e ra ted  dnc tus  was 
r e l a t ive ly  low compared  with  t h a t  of thorac ic  ao r t a  excised f rom the same embryo  

(Figs. 5 and  6, Table).  
The decrease in number  of labeled nuclei  in this  ease was considered to depend  

pa r t i a l l y  on an  ar res t  of b lood flow conta in ing 3 t I - thymidine  and  on an occurrence 
of ce l l -death  in it .  Here,  i t  was not iceable  t h a t  even in this  condi t ion the  specific 
d i s t r ibu t ion  of labe led  nuclei  was no t  found  as shown in Fig.  5. The f indings 
ob ta ined  f rom Figs.  2 and  5 sugges ted  t h a t  most  of labe led  cells in Fig.  2 became 
labeled  a t  the  beginning of ob l i t e ra t ing  process of the  d. a., and  the labe led  cells 
m i g r a t e d  into  the  inner  region of the  ob l i t e ra ted  duetus .  Of course, some of cells 
took  up  a t t - t hymid ine  af ter  i ts  obl i te ra t ion .  
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The a im of the  following expe r imen t  was to show more c lear ly  t h a t  the  obli- 
t e ra t ing  process of the  d. a. a l r e ady  began in the  in t r au te r ine  life and  reached a t  a 
cer ta in  a d v a n c e d  s tage in the  end of fe ta l  life, and  to  show a f requency  of cell- 
mitosis  and  d i s t r ibu t ion  p a t t e r n  of labe led  nuclei  in the  vessels. 

In order to get a certain evidence for this problem, postmatured embryos were required. 
To get postmatured embryos, the injection of human gonadotropin (HCG) was employed. 
Owing to the injection, delivery of pregnent rats was retarded. Thus, by laparotomy, the 
embryos were removed according to the schedule. Under the condition, the d. a. of the embryos 
kept a relatively wide lumen even at the 22nd day of fetal life, though in the vessels a pro- 
trusion of the vascular wall into the lumen was discernible and inner and outer zones were 
distinguishable obviously. The cells in the inner layer disarranged considerably and contained 
relatively large nuclei, and further the marked increase of disarranged cells was clearly demon- 
strated. These findings suggested that the obliterating process developed remarkably in the d. a. 
of the postmatured embryos. 

On the  o ther  hand,  as shown in Fig.  8, thorac ic  ao r t a  under  the  same condi- 
t ion  kep t  a no rma l  vascu la r  s t ructure .  The label ing f requency  in the  ductus  and  the  
thorac ic  ao r t a  decreased cons iderab ly  in compar ison  with  t h a t  of u n t r e a t e d  ones 
wi th  HCG,  though  the  reason remained  undisso lved  (Figs. 7 and  8, Table) .  Distr i -  
bu t ion  of labeled nuclei  in such condi t ion  d id  no t  show a n y  character is t ic  p a t t e r n  
in the  t ransverse  sections of the  obl i te ra t ing  duc tus  and  the  thorac ic  ao r t a  as shown 
in Figs.  7 and  8. 

To ascer ta in  the  change of physiological  p r o p e r t y  of the  duc tus  wall  a t  the  
f inal  s tage of the  fetal  life, the  other  ductus  t r ea t ed  with  the  same manne r  was 
i ncuba t ed  in adu l t  r a t  blood for 120 minu tes  af ter  the  excision. As a result ,  i t  was 
clarif ied t h a t  the  ductus  cons t r ic ted  marked ly ,  while the  thorac ic  ao r t a  d id  no t  
show the  considerable  decrease in the  d iamete r  as different  f rom the  duc tus  (Figs. 
9 and  10). I n t imM cells in the  duetus  af ter  the  incuba t ion  had  a t endency  to 
migra te  in to  the  inner  p a r t  of the  ductus .  Labe led  cells loca ted  in the  inner  region 
seemed to t rans loca te  in to  the  centra l  region concur ren t ly  (Fig. 11). 

Discussion 

The theories regarding  the closure of the  ductus  have  been discussed for a long 
t ime,  and  mos t  of researchers  engaging in the  p rob lem coincided in the  in terpre-  
t a t ion  of the  phenomenon,  being indif ferent  to passive or ac t ive  processes, as 
follows ; the  closure of the  duc tus  ar ter iosus  was caused wi th  the  muscu la r  contrac-  
t ion and  followed b y  the  i n t ima l  prol i fera t ion  of the  vessels before or af ter  bir th .  

Not iceable  f indings as to i t  in the  pas t  were ob ta ined  b y  several  workers ;  
Schaeffer (1914) and  Melka (1926) a t t a c h e d  g rea t  impor t ance  to the  pro l i fe ra t ion  
of elast ic  fibers for the  ob l i t e ra t ion ;  Var io t  and  CMlliau (1920) r epor ted  the  appear -  
ance of mucoid  subs tance  in the  i n t ima  a t  the  first  s tage of the  ob l i te ra t ion ;  Melka 
(1926) observed the  character is t ic  change in  the  duc tus  for the  obl i te ra t ion  a t  the  

Fig. 9. This figure shows the constriction of the ductus after the incubation for 2 hours in rat 
blood 

Fig. 10. The thoracic aorta under the same condition. The vascular lumen remains relatively 
wide after the incubation for 2 hours 

Fig. 11. This figure shows labeled nuclei under the same condition as in Fig. 9. The cells located 
in the intimM layer do not indicate more frequent labeling 

2 Virchows Arch.  Abt .  A l~ath. Anat . ,  Bd.  349 
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intra-uterine life; Sciacca and Condorelli (1960) also emphasized the beginning of 
the obliteration in the ductus at the final stage of fetal life; and Meyer and 
Simon (1960) demonstrated a preparatory angiomalacia in the ductus arteriosus 
of the matured stillborn child and a dissociation of its inner layer from the outer 
layer of the obliterating ductus. Further, Doerr (1960) pointed out the presence 
of "critical period" for the obliteration after birth. Hoffmann (1964) described the 
appearance of localized mesenchymal cell-reaction in the ductus' ends during the 
obliteration. 

In the previous report (Mato and Aikawa, 1968), the authors suggested that  
the obliteration of the ductus was not caused only by the proliferation of the 
intimal cells, but  rather by the migration of the cells owing to a disruption of 
the elastic layers under hypoxia. 

However, the precise data concerning the change of cell-population in the 
vessels during the obliteration have not been known up to the present. 

According to Messier and Leblond (1957), the radioautographic method seemed 
to be at present the most convenient tool to ealuculate the population of cell- 
mitosis, though 3H-thymidine method was not necessarily decisive method for 
detecting proliferation and migration of the cells. 

In  order to confirm the authors' hypothesis mentioned above, radioautographie 
method was employed in this experiment. 

From this experiment, the followings were established; (1) in a course of clo- 
sure there were no specific portions showing any high concentration of labeling 
cells in the obliterating duetus; (2) in an early phase of the obliterating process, 
the frequency of cell-mitosis of the ductus was similar to that  of thoracic aorta; 
(3) in the final stage, the cells in the ductus arteriosus showed a weak uptake of 
3H-thymidine as different from thoracic aorta; (4) further, the ductus became to 
have a strong tendency to be closed after the arrest of blood stream. 

These findings could not necessarily be explained by the hypotheses proposed 
by the other authors. In other words, if the duetus was obstructed by the intimal 
proliferation, labeled nuclei might be frequently found in the intima of the duetus 
at the beginning and midstage of closure, and at the final stage, most of centrally 
located cells might become labeled as different from peripheral regions. However, 
the results obtained from this experiment were not in accordance with these 
expectations as mentioned above. 

Therefore, it was likely that  most of the cells migrated into the lumen during 
the obliteration, and that  some of the cells during the migration had yet  a mitotic 
activity as well as in a vascular wall at an early stage. In this point, the authors' 
hypothesis in the previous paper (Mato and Aikawa, 1968) which a specific cell- 
mitosis did not occur in intimal cell-layer seemed to be more preferable. 

Further,  in order to study the mechanism of the obliteration, the anatomical 
closure has been investigated separately from the functional closure for a long time. 
For the anatomical closure, necessity of the proliferation of the fibrocytes may be 
clear without doubt. However, for the functional closure, nerve reflex via recurrent 
nerve of vagus nerve, translocation of mediastinal organs, and change of oxygen 
content in the blood flow through the duetus had required great importance. 

But, as stated in the previous report (Mato and Aikawa, 1968), nerve ending 
in the duetus of rats was rarely seen in number. The similar finding was already 
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obtained by Harms '  (1967) pharmacological experiment using gallus domesticus. 
Therefore, the role of nervous reflex via vagus nerve seemed not to be essential 
for the obliteration. 

However, it seems to be reasonable tha t  obliterating process of the ductus is 
initiated with hypoxia caused by  the decrease or arrest of blood flow through the 
ductus, and under the condition, cell-death in the vascular wall and a disruption of 
elastic layers give rise subsequently. These events are expected to produce con- 
siderable changes in vascular architecture, and to take off physiological vascular 
properties from the obliterating ductus. Therefore, quanti ty of blood flow through 
the ductus was the most significant factor for the initiation of the closure. The 
"critical period" by Doerr (1960) was highly estimted from this point of view. 

From the experiment of the D group, it was clear tha t  physiological elasticity 
of the ductns decreased remarkably and the ductus in the later stage had a ten- 
dency to be closed after the excision as expected above. The result was con- 
sidered to be int imately related to the disruption of the elastic layers and to the 
modification of the architectures in the duetus as described in the previous report 
(Mato and Aikawa, 1968). Excellent work by Meyer and Simon (1960) which was 
concerned to angiomalacia in the obliterating ductus afforded the agreement of 
such observation. 

The ductus in the final stage of fetal life might be in expanded stage only by 
blood pressure. So that,  the complete arrest of blood stream might induce easily a 
complete involution of the ductus, and with time the dnctus gradually trans- 
formed into the string-like structure owing to activation of mesenchymal cells. At 
tha t  time, anatomical closure seemed to begin. 

I f  these sequences failed to precede favorably in the vascular wall, for example, 
when disruption of elastic fibers and cell-death, under hypoxia, did not occur at  
"critical period",  or when the "critical period" was too short to produce each 
change, the occurrence of some defect in the closure of the ductus would be 
expected to appear. Namely, in such abnormal specimens, the cells composing the 
ductus might remain alive even after suffering from the decrease or arrest of the 
blood stream. Such ductus arteriosus would remain patent  after birth. 

Though there may  be individual difference about  the degree of modification 
in vascular architecture under hypoxia, it is generally accepted tha t  patent  ductus 
arteriosus occurs more commonly in females (Beeson and McDermott,  1967). 

Further, cardiosurgically, it is well known that  in a ease of patent  ductus arte- 
riosus treated with ligature, recanalization of the ductus sometimes takes place 
at  some time after operation (Ross, Feder and Spencer, 1961). That  is, the tempo- 
rary  arrest of the blood flow through the ductus do not always induce the change 
of the vascular architecture. 

From these events, it might be reasonable to consider that  during the closure 
of the ductus, the reactivity of the cells against oxygen defficiency is one of the 
significant elements in the obliteration of the duetus arteriosus, and that  the 
reactivity of the cells in the ductus seemed to be genetical as stated by Buchanan 
(1968). 
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