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Extraembryonic Vascular Deterioration in  Irradiated Chick Embryo." 
(23750) 

?d.4RvIX GOLDMAN, S. R. GLASSER AND L. W. TUTTLE (Introduced by T. R. Noonan) 
Department of Radiation Biology, University of Rochester, Rochester, N .  Y.  

Extensk-e vascular damage in 6-day chick 
embryos has been observed following X-irra- 
diation ( 1 ) . Death within a week following 
median lethal doses of radiation received by 
8 to 12-day-old embryos was characterized by 
hemorrhage and petechiae in the yolk sac and 
viscera ( 2  ) . Estravasation of blood into the 
extraembryonic coelom of 4-day embryos was 
observed beginning 3 5  hours after exposure 
to 1200-20.000 r (3) .  The relative sensitivity 
of the chick embryo to radiation induced 
hemorrhage has recently been studied in 
terms of total dose, dose rate and stage of 
embryonic development (4). Hemorrhage 
was slight in 6-day embryos within a few 
hours following 600 and 800 r of 250 KVP 
X-irradiation. Twelve-day embryos, how- 
ever, showed moderate hemorrhage following 
600 r and extensive hemorrhage following 800 
r (LD 95) .  The present work was undertaken 
as an attempt to quantitate the effects of X- 
irradiation upon the extraembryonic circula- 
tion of chick embryos. 

Methods c7nd materials. Twelve-day-old 
embryonated eggs were chosen because of the 
convenient size of the embryo, the extent of 
development of the extraembryonic circula- 
tion, and the marked hemorrhagic state which 
has been observed within a few hours after 
irradiation. -4 simple windowing procedure 
was devised which permitted rapid prepara- 
tion of the embryonated eggs. A medially 
oriented 2 2  mm circular segment of shell was 
gently removed from the egg after being 
scored by a high speed motor-driven thin 
abrasive disc. The exposed shell membrane 
was then carefully removed without disturb- 
ing the underlying membranes. The shell 
aperture was then sealed with a circular sili- 
cone-grease rimmed microscope cover slip. 

*Work performed under contract between Atomic 
Energy Commkion and University of Rocheslter, ad- 
ministered by Dept. of Radiation Biology, School of 
Medicine and Dentistry. 

After the fenestrating process, the eggs were 
returned to the incubator for 24 hours. They 
were inspected under low power magnification 
just before irradiation, and any which ap- 
peared damaged were rejected. The remain- 
der were coded and randomly divided into 
irradiation and control groups. The irradia- 
tion was delivered to the eggs supported on 
wire mesh in a circulating air incubator 
through a cover of one-sixteenth inch Plexi- 
glass. The eggs were maintained a t  38 t 1' 
C throughout the experiment. The 800 r were 
delivered a t  1 7  r/min. from a 250 kvp Picker 
Industrial generator utilizing the following 
factors: 250 kvp, 15 ma, Al. parabolic + J/2 
mm Cu filter; HVL 2.25 mm Cu; 71 cm tar- 
get to center of eggs. 

Microscopic observations of the extent of 
injury to the allantoic and vitelline vessels 
were graded on an arbitrary scale of 5 ranks. 
Zero indicated no damage or visible impair- 
ment of function, while increasing injury was 
recorded by unit increments to 4, which repre- 
sented maximum injury, loss of function or 
death. The condition of the major and minor 
blood vessels, the capillaries and the status of 
the blood flow in these 3 classes of vessels 
were scored. The eggs were graded under 20 
magnifications with the window momentarily 
removed. Each egg was examined by 2 inde- 
pendent observers a t  2 5 ,  4, 7, and 21 hours 
following irradiation. To preserve objectivity 
during the scoring period, the observers were 
not told whether the eggs were from the con- 
trol or irradiated groups. The scores by ex- 
perienced observers usually agreed within a 
half unit for any particular observation. Rep- 
resentative specimens were photomicrographed 
at  25 magnifications by reflected light during 
the course of the experiment. 

Results. Vascular injury was detectable 
within a few minutes following irradiation. 
The course of injury as i t  develops between 
2 5  and 21  hours following irradiation is 
shown in Fig. 1. The apparent lessening of 
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damage after 7 hours is due to the procedure 
of recording only observations from surviving 
embryos. Non-survivors were recorded as 4 
just prior to death after which the embryo 
was removed from the experiment (thus low- 
ering the average value of subsequent obser- 
vations on survivors. and decreasing the num- 
ber of embryos in the group). By 21  hours 
62% of the irradiated embryos were dead. 
None survived beyond 48 hours. 

Injury was most pronounced in the capil- 
laries. Extraembryonic vascular injury was 
observed simultaneously with the appearance 
of hemorrhage into the embryo. Blood flow 
through the vessels slackened and became 
sluggish in a sequence progressing from small 
to larger-sized vessels. By 3 hours even the 
largest vessels were affected. The general 
syndrome, as observed, was initiated first by 
a decrease in the blood flow, followed immedi- 
ately by a constriction of vessel lumen. The 
vessels appeared to lose about half of their 
internal volume as the blood flow ceased. 

I\-ithin an hour or two such vessel.; ruptured 
a t  several points of masiniuni constriction 
suggesting possible endothelial autolysis. Ex- 
travasated blood was observed in these re- 
gions. These observations suggested a weak- 
ening or defect of the vessel rather than a 
rupture resultant from normal pre;sure within 
the vessel. When many of the iiiajor vessels 
were affected, the embryo died. The time 
course varied from embryo to embryo but fol- 
lowed the above pattern until death. Each 
series of observations was completed within 
30 minutes and recorded a t  the mean of the 
observation period. The prominent feature 
of these observations was the constriction and 
rupture of the extraembryonic vessels prior to 
the appearance of extravasated blood in that 
region. A possible contributing factor to the 
injury described for the extraembryonic ves- 
sels could have been the hemorrhage which 
has been noted within the embryo. These 
factors are subject to further investigation. 

The condition of the blood vessels in non- 
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irradiated eggs is illustrated in Fig. 2. Capil- 
lary blood flow remained smooth and rapid 
throughout the experiment. Fig. 3a illus- 
trates constriction and rupture of minor blood 
vessels a t  a time when many of the major 
vessels were still functional ( 2 5  hours). 
Complete dissolution of the capillary network 
and rupture of many of the larger vessels 
prior to death of the embryo are illustrated 
in Fig. 3b (4 hours).+ 

Simmary. Fenestrated eggs of 12-day 
chick embryos were given 800 r of 250 kvp 
X-rays. Injury to blood vessels of the extra- 
embryonic membranes was detectable within 
minutes following irradiation, Deterioration 
was most rapid and extensive in the capillaries 
and least marked in the major blood vessels. 
Vascular disruption preceded the appearance 
of extravasated blood in that region. Tntra- 
embryonic hemorrhage was also noted. Fol- 
lowing irradiation the mortality was 62% at 
2 1  hours and 100% by 48 hours. 

t These observations have been repeated several 
times as .teaching and studenlt experiments with sub- 
stantially the same results. 
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.FIG. 2 n i i d  3.  Coiitlitioii of extraembryoriic blood 
vessels followiiig 800 r. Fig. 2 -= control, Fig. 3a 

iiiotlernte tletei.ioixtioii 2.5 h r  after irradiation. 
Fig. 311 = ~ ~ l ~ i ~ l i t ~ t ~ ~ l  ;Lcteriorntion 4 hr  after irrad- 

i:itit>ii. (1 3 niagnificatioiis.) 


