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renal arterial pressure is maintained a t  a con- 
stant value by mechanical means. These ob- 
servations might be explained on the basis of 
an extrarenal receptor located in the upper 
aortic distribution, sensitive to diminished 
blood flow or volume, and regulating renal 
tubular reabsorption of sodium via humoral 
or endocrine secretion. Recent experiments 
have, in fact, disclosed that an increased se- 
cretion of aldosterone and hydrocortisone is 
induced by hemorrhage either directly or via 
ACTH (2,3). However, the renal retention of 
sodium elicited by hemorrhage in the present 
experiments was more rapid than might have 
been expected as a result of the secretion of 
presently known adrenal steroids. Further- 
more, no changes of potassium excretion char- 
acteristic of adrenal steroid action( 4) were 
observed (Table I) . Consequently, the pres- 
ent experiments reinforce the previous pro- 
posal( 1) that hemorrhage may cause an in- 
trarenal redistribution of blood flow, perhaps 
toward vessels of less than average resistance 
perfusing tubules with more than average so- 
dium reabsorbing activity. Current studies 
of the renal hematocrit during isobaric 
hemorrhage lend further support to this con- 
cept. 

Summary. The renal excretion of sodium 
and other renal functions were studied in dogs 
during non-shocking hemorrhage, while renal 
arterial pressure was maintained constant by 
controlled partial mechanical obstruction of 
the aorta. In some experiments, one kidney 
was denervated beforehand. The excretion of 
sodium declined in the absence of measurable 
changes in glomerular filtration or renal 
plasma flow. The explanation is proposed 
that hemorrhage causes an intrarenal redis- 
tribution of blood flow which favors tubules 
with more than average sodium reabsorbing 
activity, although steroid effects on tubular 
function cannot be excluded. 
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The difficulty of maintaining the delicate 
relationships of the chick embryo to its mem- 
branes and to its nutrient supply have until 
recently precluded direct studies of embryo 
nutrition in the intact egg. Important data 
(1) have been obtained indirectly by feeding 
the laying hen diets deficient in vitamins and 
minerals, and determining the subsequent ef- 
fect on development of the embryo. This 
method cannot be used to study the embryo’s 
supply of amino acids and most energy 
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sources, however, because deficiencies of these 
nutrients in the hen’s diet result in reduced 
egg production, not in the production of eggs 
containing lower concentrations of nutrients. 
One direct approach has been the in vitra cul- 
tivation technic, which Spratt( 2 )  has used to 
study the nutrition of chick embryos during 
early development (18 to 58 hours of incuba- 
tion). New(3) has recently developed a 
method of explantation which allows develop- 
ment to proceed for 60 hours, 40 hours of 
which are in vitro. The objectives of the 
methods developed in this laboratory have 
been to remove the embryo’s nutrients, and 
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replace them with a medium of known com- 
position. without disturbing the normal rela- 
tionship of the embryo to the intact egg. In 
order to do this, an electrosurgical unit was 
used to form a channel of coagulated albumen 
leading through the shell membranes. the al- 
bumen. the vitelline membrane and finally 
into the yolk. The yolk could then be Hushed 
out through the channel and replaced by other 
yolk or by a replacement medium. \Then 
donor yolk was supplied to 3-day chick em- 
bryos from which a t  least 95% of the original 
yolk had been removed, normal development 
occurred. including the hatching process( 4). 
.After developing the basic technic of yolk re- 
placement we conducted a series of esperi- 
ments using various media as yolk-replacing 
materials. Prior to the experiments reported 
here. however. we had not demonstrated dis- 
tinct differences among media (escept where 
tolerances for amino acids or heavy metals 
were esceeded and rapid embryo death en- 
sued). Most of these early trials were per- 
formed with defined media similar to that 
used in the experiments reported in this pa- 
per. In this work. the yolk sac was flushed 
for a few minutes with 15  to 2 5  ml of me- 
dium. after which the hole was closed with 
plastic adhesive tape. Some embryos with- 
stood 9 flushes of this sort. a t  6 hour intervals, 
before they died. The survival time was the 
same whether the medium was complete or 
was deficient in lysine, or whether Earle’s bal- 
anced salt solution ( 5 )  alone was used. lye 
next resorted to continuous yolk-sac perfusion 
whereby we compared various defined media 
to balanced salt solutions, but again no dif- 
ferences in survival were observed. Finall!-. 
dilute yolk was used in the replacement me- 
dium as we report in this paper. 

The basic technics of coagula- 
tion and yolk removal have already been de- 
scribed in detail (4). Certain modifications 
were made to permit the continuous passage 
of fluids through the yolk sac. In the present 
study. most of the yolk was removed after 3 
days of incubation, but perfusion was not 
started until the embryos were 4 days old. 
This schedule permitted the embryo to re- 
cover from the operation, facilitated the se- 
lection of more uniformly vigorous embryos: 

Methods. 

and provided time for the residual yolk to 
accumulate near the opening of the coagulum, 
with the result that most of it was removed 
as soon as flushing with the medium was 
started. After connection between yolk and 
shell was established (4),  an aluminum tube, 
4 mm x 15 mm, beveled a t  both ends, was in- 
serted approximately 4 mm into the hole and 
was fastened firmly in place with model-air- 
plane cement. Most of the yolk was then 
tlushed out as before, using Earle’s balanced 
salt solution(5). A rubber tube, attached at 
one end to a glass overflow tube, was slipped 
over the exposed end of the aluminum tube 
and taped onto the shell (Fig. 1). These 
operations were carried out at room tempera- 
ture, but as soon as the overflow tubes had 
been attached, the eggs were placed in a 
room maintained a t  100°F and remained 
there for duration of experiment. The perfu- 
sion apparatus consisted of reservoir attached 
by rubber tubing to stainless steel manifold 
pipe fitted with small aluminum tubes. Rub- 
ber tubing connected these small tubes to 
glass observation tubes and to 2 in., 20 gauge 
hypodermic needles. The needles were in- 
serted through rubber overflow tubes and into 
center of each yolk sac, as shown in Fig. 1. 
A screw clamp was used to maintain flow 
rate to each individual egg. Materials. Yolk 
used as part of the perfusion medium was har- 
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FIG. 2. Effect of varying the perfusion medium on survival of 4-day chick embryos. (a) There 
were 19 embryos on 0 yolk and 21 on 10% yolk. Perfusion schedule was for alternating 8-hr 
periods at the rate of 0.5 ml/min. (b) There were 11-13 embryos/group. Same schedule as (a). 

( c )  There were 12-14 embryos/group. Perfusion schedule was for alternating 4-hr periods. 

vested aseptically from fresh eggs and was The data presented in Fig. 2a 
added to Earle’s salt solution or to the syn- indicate that embryos survived for longer pe- 
thetic medium, which had been sterilized by riods when perfused with 1070 yolk in Earle’s 
filtration. The defined medium, which was salt solution than when Earle’s salt solution 
similar to that of Evans et al. (6) , contained alone was used. Among the embryos perfused 
the following materials, expressed as mg per with the medium containing no yolk, death 
100 ml. (The amino acids were all of the L- was first observed 18 hours after the start of 
configuration.) : Alanine, 3.38; arginine hy- perfusion, and all had died by 45 hours (141 
drochloride. 6.30; asparagine, 1.20; aspartic hours total incubation time). None of the 
acid, .30; cystine, 2.25; glutamic acid, 3.00; embryos receiving 10% yolk died before 30 
glycine, 8.10: histidine, 3.60; isoleucine, 4.50; hours and some were still alive after 96 hours 
leucine, 6.75: lysine hydrochloride, 6.30; me- (192 hours total incubation time), when the 
thionine. 2.70: phenylalanine, 4.50; proline, experiment was terminated. In this study, 
6.00: serine. 3.75; threonine, 3.75; trypto- the yolk sacs were perfused at a rate of 0.5 
phan, 2.70: tyrosine, 4.50; valine, 4.50; thia- ml/min. for 8 hours, then were left undis- 
min hydrochloride, .0050 ; riboflavin, .0050; turbed for an alternate &hour period through- 
pyridoxine hydrochloride, .0125; pyridoxal out the 96 hours of the experiment. Time 
hydrochloride, .012 5 ; niacin, .012 5 ; niacina- of death was estimated by candling appear- 
mide, .0125 : calcium pantothenate, .0050; ance, with particular reference to the appear- 
biotin, .0050: folic acid, .0050; choline chlor- ance of the blood vessels. 
ide, .250: i-inositol, .0250; p-aminobenzoic The second experiment (Fig. 2b) showed 
acid, .0250: vitamin A alcohol, ,0500; Vit. the effect of three levels of yolk and of Earle’s 
D-3, .0500: menadione, .0050; d-alpha toco- salt solution alone on survival. The pro- 
pheryl acetate, .0050; methyl linoleate, .60; cedures were the same as those of the first 
cholesterol, .40; Tween 80, 4.50. Earle’s salt experiment. None of the embryos that re- 
solution( 5 )  a t  normal concentration was used ceived no yolk survived beyond 45 hours after 
in the defined medium as well its in the dilute the start of the experiment; some of those 
yolk media. The media and flushing solution that received 2% yolk and 4% yolk survived 
contained 66 mg of streptomycin and 9.5 mg as long as 73 and 87 hours respectively. One 
of erythromycin per 100 ml. After each 8 of the embryos on the 870 yolk was still alive 
hours of perfusion, the media were replaced a t  87 hours, when the experiment was ter- 
with fresh mixtures. minated. 

Results. 



42 8 CHICK EMBRYOS YOLK-SAC PERFUSION 

Fig. 2c shows the results of a study com- 
paring levels of yolk (in Earle's salt solution ) 
and the defined medium. The principal dif- 
ference from the preceding esperiment was 
that the embryos were perfused for alternat- 
ing +hour periods instead of for 8-hour pe- 
riods. The  embryos receiving no yolk aqain 
showed a relatively high death rate. hut two 
of these 13 embryos were alive a t  the end of 
the experimental period ( 7 1 hours). 'The de- 
fined medium plus 2 %  yolk allowed poorer 
survival than the JTolk-free defined medium. 
while the 2a/r yolk in Earle's salt solution was 
much hetter than either of the 2 media con- 
taining the known nutrients. The ern1)ryos 
that received 89; yolk survived longer than 
the embryos on other media. 

In all of these studies. the embryos tlevel- 
oped normally until death intervened. 

Disc-ussion. The results of the second es- 
Ixrinient. in which various levels of yolk were 
compared (Fig.  2b ) .  agree with the data 01)- 
tained in the first esperiment (Fig. 2 a ) .  I n  
the third esperiment (Fig. 2c) the embryos 
given 20% yolk or no yolk survived longer 
than similar embryos in the second esl)eri- 
ment. We attribute these apparent discrep- 
ancies to incomplete flushing. because a t  the 
end of the experiment the yolk sacs of several 
embryos that had survived on low leivels of 
yolk or on the defined medium contained rela- 
tively large amounts of the original yolk. 

A comparison of Fig. 2b and 2c. a t  the 
2% and 874 yolk levels. suggests a relation- 
ship between the schedule of perfusion I)e- 
riods and yolk concentration. Alternating S- 
hour periods (Fig.  2b) may have resulted i r ~  
more rapid depletion of 274 yolk than of Sy 
yolk during the 8-hour. non-perfusion period. 
When perfusion was conducted for alternating 
4-hour periods. however. the response may 
have reflected differences in yolk concentra- 
tion rather than depletion effects. This would 
explain the relatively long survival of the 2c/( 
yolk embryos in the last experiment. 

The  results obtained in the present study 

show that it is technically possible to influ- 
ence embryo survival by varying the yolk-sac 
perfusion medium. The  defined medium used 
here. in contrast to very dilute yolk, was 
clearly not a satisfactory yolk substitute. I t s  
addition to the dilute yolk markedly de- 
creased the value of the dilute yolk medium. 
thus indicating some imbalance oi nutrients. 
or possible toxicity. 

.!!ui?tnzary. 1 ) Yolk-sac perfusion, a new 
technic which permits the continuous or inter- 
mittent passage of fluids through the yolk sac 
of 4-day chick embryos, has been used to 
study survival of chick embryos periused with 
varying concentrations of yolk. 2 )  l!hen a 
yolk-free, balanced salt solution was perfused 
for 8 hours a t  0.5 ml,,min., alternating with 
8 hours of non-perfusion, almost all embryos 
died between 20 and 45 hours. Survival time 
increased in proportion to yolk concentration 
up to 8% yolk, a t  which level some embryos 
were alive 96 hours after periusion was 
started. 3 )  The  defined medium was not a 
satisfactory yolk substitute. The combina- 
tion of medium and dilute yolk resulted in 
even poorer survival than that obtained with 
yolk alone, thus indicating an  imbalance or 
toxicity of one or more components of the 
medium. 
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