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Concentration of Azoproteins in Yolk Sac Placenta of the Rat.” (24660) 

VEHGII. H. FEHM, H. JAMES FREE,+ AND DANA L. SHIKESS 
(Introduced by James G .  Wilson) 

I k p f .  of A iiaf m i ? ‘ ,  C o l l r g ~  of M ~ c i i c i n ~ ,  U n i v m i f y  of Florida, Gainesville 

The striking role of the rabbit yolk sac 
placenta in transmission of homologous 
gamma globulin from the maternal systeni 
into the embryo and the apparent non- 
permeability of this membrane to heterologous 
protein has been described by Brambell( 1). 
Few attempts have been made to study the 
permeability of either the chorio-allantoic or 
the inverted yolk sac placentae of the rat to 
protein molecules although both homologous 
and heterologous protein compounds have 
been used extensively in various studies of 
maternal-fetal relationships in this animal. 
The present work is an attempt to study the 
fate of 2 different azoprotein molecules in- 
jected into the pregnant rat. specifically with 

* This investigation was supported by Senior Re- 

t Lederle Medical Student Research Fellow. 
$ N.I.H. Medical Student Research Fellow. 

search Fellowship (SF-192) from P.H.S. 

respect to placental membranes at  various 
stages of gestation. 

Matcrials and methods. The azo dye, echt 
siiure blau B7 has been shown to be rapidly 
excreted in the bile and urine of animals in- 
jected with moderate amounts of this com- 
pound(2). It is not phagocytyzed by the 
reticulo-endothelial system and apparently 
does not combine with serum proteins in vivo. 
Echt saure blau B, an intensely blue azo dye, 
was diazotized and coupled to crystalline 
bovine serum albumin and rat serum albumin 
utilizing the technic described by Kruse and 
McMaster ( 2 ) .  Bovine serum albumin was 
obtained commercially and rat serum albumin 
was obtained by ammonium sulfate precipita- 
tion of pooled rat serum. After final dialysis 
and filtration, the bovine serum albumin-azo 
dye preparation (BSA-ESBB) contained 20 
mg of protein and 1408 pg of dye/ml. The 
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final rat serum albumin-azo dye preparation 
(RSA-ESBB) contained 30 mg of protein 
and 1270 pg of dyeJml. Four ml of the 
BSA-ESBB preparation and 5 ml of the RSA- 
ESBB preparation were injected intraperito- 
neally into young nulliparous Sherman rats 
weighing 250-280 g on days 7, 9, 11, 13, 15, 
18, and 19 of pregnancy. Each animal re- 
ceived only one injection and was sacrificed 
24 hours later at which time maternal car- 
diac blood was drawn. Specimens of mater- 
nal liver, spleen, mesenteric lymph node, and 
kidney were fixed in Carnoy’s fluid, 10% for- 
malin, and alcohol-formol-acetic acid. Pla- 
cental membranes and fetuses were removed 
and fixed in an identical manner. Method of 
fixation was found not to affect the histologi- 
cal results, consequently tissues fixed in 10% 
formalin were sectioned at  10 p, cleared in 
xylene, left unstained, and mounted with 
coverslips for histological localization of the 
colored azoprotein material. Some sections 
were stained with hemotoxylin and eosin for 
comparison. Control animals were divided 
into 2 groups. The first group received intra- 
peritoneal injections containing 0.2 5 % to 
1 .O% dye and 3.076 bovine serum albumin or 
rat serum albumin, mixed just prior to injec- 
tion. For the second group of control ani- 
mals. the azo dye was diazotized as in the 
first stage of the preparation of the azoprotein 
but tyrosine was substituted for the protein 
molecule. This solution was prepared to test 
the possibility of intermolecular coupling of 
dye molecules and to observe any effect that 
coupling might have on the histological re- 
sults. Control animals received injections at  
corresponding stages of pregnancy, the ma- 
ternal animals sacrificed at  the same intervals, 
and the tissues treated in the same manner as 
the experimental animals. Maternal sera of 
the control and experimental groups were ex- 
amined for gross blue coloration, precipitated 
with cold 10% trichloracetic acid (TCA) and 
centrifuged. 

Results. In  all control animals the mater- 
nal sera were free of any color a t  time of 
sacrifice. Some control animals, examined 
after only 5 hours exposure to the unbound 
dye-protein mixture. showed heavy dye con- 
centration in the hiliary tree of the liver, in 

F I G .  1. Unstained cross-section of yolk sac pln- 
ceiita of ;t 19-day rat fetus, 24 lir nfter inj. of 
BSA-ESI:R compound. Dark grniiules represent 
blue rtzoprotciii material. 10 p. 100 X. 

FTG. 2. Uiistaineil cross-sectioii of yolk sac pla- 
veiita of :I 19-day rat fetus, 24 hr after inj. of 
RSA-ESRE compound. Note the same gencrnl dis- 
tribution or azoproteiri rnaterial as in Pig. 1 .  10 p. 
100 x. 

the lumen of the small intestine and in the 
urinary bladder. No blue color could be seen 
in the maternal kidney, or within the fetuses 
or their placental membranes. In those con- 
trol animals examined after 24 hours exposure 
to the control solutions, no evidence of any 
blue coloration could be found in maternal 
sera, maternal tissues or in embryonic tissues. 

The maternal sera of the experimental ani- 
mals receiving the BSA-ESBB preparation 
were quite blue at  time of sacrifice and TCA 
precipitation yielded a definite blue precipi- 
tate with a clear supernatant. Histological 
examination of unstained sections revealed 
the blue azoprotein to be evenly distributed 
within the cells of the maternal renal tubules 
and in the mesenteric lymph nodes. Traces 
of the dye could also be found in maternal 
liver and spleen. Histological localization of 
the BSA-ESBB compound was apparent in all 
stages of the developing yolk sac placenta 
studied in this experimental group. As early 
as the eighth day of gestation the blue gran- 
ules could be seen within the visceral layer 
of the yolk sac epithelium that lies next to 
the embryo proper. No azoprotein could be 
found in any other of the extra-embryonic 
tissues or in the embryo proper a t  this stage. 
At each succeeding stage studied, more ob- 
vious localization of the dye was apparent 
in the yolk sac endoderm and heavier concen- 
trations appeared in the perinuclear cyto- 
plasm of these cells (Fig. 1). At no stage of 
development was any of the BSA-ESBB com- 
pound found within the body of the embryo. 

In those experimental animals injected with 
the RSA-ESRR prelxuation there was wide- 
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spread distribution of the blue color at  time 
of sacrifice. This color was evenly distributed 
throughout the body, coloring especially the 
subcutaneous tissues and fat deposits. The 
maternal liver, kidney and lymph nodes were 
grossly quite blue. There was detectable 
color in the maternal serum at time of sacri- 
fice. but the coloration was not as intense as 
with the BSA-ESBB series. There was much 
more marked deposition of the blue az:>pro- 
tein within the sinusoids of the maternal liver 
and within the lymph nodes of this e-Cyeri- 
mental series than in the BSA-ESBR series. 
The renal tubules also showed concentr;:tion 
of blue pigment but in this series there wa’i 
a tendency for it to be concentrated within 
the proximal part of the tubules. A strik- 
ingly similar concentration and distribution 
of the RSA-ESBB and the BSA-ESHH coni- 
pounds was found within the visceral 1:ryer 
of the yolk sac placenta at all stages of gesta- 
tion (Fig. 2 ) .  No histological evidence of 
the labeled rat serum albumin could be found 
within the embryo proper at  any stage of ges- 
tation studied. 

Discussion. The findings presented here 
offer direct visual evidence that the yolk sac 
placenta of the rat concentrates and appar- 
ently tends to block the transfer of both the 
BSA-ESBB and the RSA-ESBB preparations 
into the embryonic system at  all stages of 
gestation studied. We cannot be certain that 
in labeling the rat serum albumin it has re- 
tained its species identity. I t  appears t:) 
behave differently in the maternal system 
than the BSA-ESHE compound? in that it is 
diffusely spread throughout the system. color- 
ing subcutaneous tissues, mesenteries, and f a t  
deposits as well as appearing in the renal 
tubules and yolk sac endoderm. 

The problem of permeability of the pla- 
centa of rodents and closely related forms to 
])rotein molecules has been examined by vari- 
ous technics. Brambell(1) has shown that 
the permeability of the rabbit hlastocyst to 
maternal serum albumin apparently ceases 
after the ninth day of gestation. Winkler (3  ) , 
using radio-iodinated homologous serum al- 
bumin in the near-term rabbit, found some 
evidence of a slow transfer of the homologous 
albumin to the fetus after 24 hours of niater- 

nal exposure to this compound. Dan& (4) 
has reported that the guinea pig fetus is 
capable of synthesizing all of its own seruni 
proteins except gamma globulin. He also 
presents data suggesting that there is some 
placental transfer of maternal serum proteins 
to the guinea pig fetus as measured by in viva 
and in vitro radio-labeling of matern, <t 1 serum. 
However. the main difficulty in interpreting 
data using radio-labeled proteins in studies 
of placental permeability is that there may 
be a breakdown and resynthesis of the pro- 
tein-label in one or more of the placental 
tissues. 

The limiting factor in this technic of trac- 
ing the fate of colored azoproteins is one of 
color dilution, and the technic does not permit 
final conclusions as to completeness of the 
placental block since it may be that very 
sniall amounts of protein get across the pla- 
cental membrane into the embryo. The 
strength of the bond between the azo dye and 
the protein molecule, and the rapid elimina- 
tion of any unlinked dye niakes this technic 
a reliable one within the limitations men- 
tioned. 

In view of the above data, it would seem 
advisable to review the experimental data in 
which placental transfer of heterologous or 
homologous protein molecules has appeared to 
be an important factor in making definite 
conclusions. Such situations might exist in 
the experimental data accumulated in use of 
protein hormones in the study of the fetal 
endocrine system and, also, in the recently 
described phenomenon of actively acquired 
tolerance of the fetal system to antigenic 
material. 

Summary. Bovine serum albumin and rat 
serum albumin were coupled to an azo dye, 
echt saure blau B to form colored azoproteins. 
Female rats at  various stages of gestation 
were exposed 24 hours to these compounds 
and to control solutions. Both azoprotein 
molecules could be found within the kidney 
tubules, lymph nodes, maternal serum, and 
in all stages of the developing yolk sac pla- 
centa. No evidence of the dye in either case 
could be found in the embryonic tissues 
proper o r  within any of the other extra- 
embryonic membranes at  any stage of gesta- 
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Proposed Method for Determining Biological Value of Yroteiii 
in Ruminants. (24661) 

J. W. BLAIR,* H. M. PAGE AND E. S. ERWIN (Introduced by A. R. Kemmerer) 
Dept. o f  Anim.al Science, Univcrsily 0.i Arizona, Tucson 

Little attention has been directed to the 
biological value of protein for ruminant ani- 
mals because of the ability of the rumen 
microflora to synthesize amino acids. With 
the advent of nutritional interest in non- 
protein nitrogen, and more recently the inter- 
est in chemical stimulation of growth in rumi- 
nants, the need for an adequate simplified 
measure of biological value of protein has 
become important. Protein digestion and ni- 
trogen retention have been used as methods 
for determining protein utilization by rumi- 
nants because no other satisfactory methods 
have been available. The Thomas-Mitchell 
method( 1) for biological value determination. 
which has been generally used as the criterion 
in monogastric animals! has not proven satis- 
factory for ruminants. Because of the unique 
physiological functions of the ruminant diges- 
tive tract! accurate measurements of meta- 
bolic and endogenous nitrogen, required by 
the Thomas-Mitchell method, are not obtain- 
able. However, estimates of endogenous and 
metabolic nitrogen calculated by Harris and 
Mitchell(2) from body weight and feed con- 
sumption, respectively, have been used in bio- 
logical value determinations in ruminants. 

In  this investigation, alteration of blood 
and urinary nitrogen constituents from lambs 
was studied to develop a simplified method 
of: (a) predicting the biological value of 

* Present address: Valley National Bank, Phoenix, 
Ariz. Scientific Paper No. 459, Arizona Agric. Exp. 
Station, Tucson. 
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protein, and (b) determining magnitude of 
stimulation from anabolic drugs. 

Method. Twenty-six lambs were fed 3 
rations (Table I) which varied only in source 
of nitrogen: (a) cottonseed meal, (b) 50% 
cottonseed meal : 50% urea, and (c) urea. 

One-half of the lambs fed each ration was 
subcutaneously implanted a t  the base of the 
ear with 1 2  mg diethylstilbestrol. Rations 
were fed ad Zibitunz for 10 days, followed by 
a 10-day period in which rations ( 1 7 7 6  crude 
protein) were fed in accord to 2.3y) body 
weight. Blood samples, plus 24-hour urine 
and fecal samples were obtained from all 
lambs for analyses of nitrogen constituents. 
Apparent nitrogen (N) digestion was deter- 
mined by means of the chromic oxide ratio 
technic. Thereafter, lambs were fed their 
respective rations ad Zibitum, and 45-day 
weight gains were calculated. 

Obsemations. Illinois workers ( 3)  reported 
that rations containing 11 o/o protein equiva- 
lent satisfied the N requirements for mainte- 
nance and growth of lambs. Diets that con- 
tained 12 5, protein equivalent derived from 
urea X resulted in similar biological values 


