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and Griffin of 0.73 ml/min/lOO g body 
weight. The urinary non-creatinine chro- 
mogen averaged 7.3% of the total chromogen; 
under some circumstances this value is suffi- 
ciently large to be significant. Correlaths 
of creatinine clearance with body weight, 
kidney weight, and surface area. were ap- 
proximately the same. Therefore, in this 
weight range i t  seems most practical to use 
body weight as the unit for relating clearances. 

I wish to acknowledge the assistame Olf Dr. Max 
R. Mickey, Jr. in performing the sta&tical analyses. 
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Production of Congenital Malformations Using Tissue Antisera 
111. Placental Antiserum.* (32267) 
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Stein Research Center, Jeferson Medical College, Philadelphia, Pa. 

The teratogenicity of rat kidney antiserum 
has been reported ( 1 ) and corroborated ( 2 ) . 
Rat placental antiserum has also been re- 
ported to be teratogenic(3,4) and it is the 
purpose of this paper to deal with the quanti- 
tative and qualitative aspects of the produc- 
tion of congenital malformation in rats utiliz- 
ing placental antiserum. 

Materials and methods. Rat placentae were 
obtained from rats that were pregnant 21  
days. The maternal rats were anesthetized 
with sodium pentobarbital and heparinized. A 
laparotomy was performed and a catheter was 
placed in the abdominal aorta. Immediately 
following the rapid removal of 8-12 ml of 
blood, the rat and its pregnant uterus were 
perfused with aproximately 2 0 0  rnl of buf- 
fered saline. The placentae were then re- 
moved from the uterus and a catheter was 
placed in the umbilical vein. The placentae 
were perfused with buffered saline until they 
were a pale tan and the material decidual 
tissue was white in color. These tissues were 
lyophilized, ground into a fine powder and 
stored in a deep freeze. 

Adult rabbits were immunized with one 
of 3 preparations of placentae: whole pla- 

* Supplorted by NIH Grant HD 630. 

centa, fetal placenta or maternal decidual tis- 
sue. The rabbits were injected in the lumbo- 
sacral muscles weekly for 4 weeks with an 
emulsion containing 100 mg of dried tissue 
powder, 1 ml of distilled water and 1 ml 
of Freund’s adjuvant. Forty milliliters of 
blood were removed by cardiac puncture bi- 
weekly and the sera pooled. Three separate 
pools of rabbit placental antisera were pre- 
pared. The preparation of rat kidney anti- 
serum has been described( 1,4). 

Control groups consisted of litters that 
were anesthetized and laparotomized after 8 
days of pregnancy and another group that 
underwent the operative procedure and re- 
ceived an injection of pre-immunizatioa nor- 
mal rabbit serum (Table I). Rats 7, 8, 9, 
or 10 days pregnant were injected with one 
of the 3 placental antisera at doses of from 
0.25 to 1.5 ml/l00 g of pregnant rat. The 
intravenous or intraperitoneal routes were 
utilized. Just prior to injection of the anti- 
serum, the pregnant rat was anesthetized and 
laparotomized. The number, conditions and 
positions of the embryonic sites were re- 
corded and the incision was then closed with 
silk sutures and metal wound clips. The 
fetuses and placentae were removed after 2 1 
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TABLE I.  The Effect of Rabbit-Anti-Rat Whole Placenta When Injected Intraperitoneally 
into Rats Eight Days Pregnant. 

Dose of 
Dose of control 

placental rabbit 
antiserum serum 
rm1/100 g of rat- 

0 0 
0 2 

.75 0 
1.0 0 
1.25 0 
1.50 0 

No. preg- 
nant rats 

No. of im- 
plantation 

sitw 

Resorp- 
tion at 
term 

% Mor- 
tality 

10 
6 
4 
6 
4 
6 

92 
62 
44 
65 
59 
67 

3 
2 

14 
31 
40 
44 

3.3 
3.1 

31.8 
47.9 
67.7 
65.7 

Term 
f eta1 wt 

4.88 2 .36 
4.76 2 .41 
4.54 2 .78 
4.05 2 .73 
3.73 & .16 
3.69 k .64 

% Malfor- 
mations 

1.1 
.O 

46.7 
88.2 

92.5 
100 

TABLE 11. Teratogenicity of Absorbed Rabbit Anti-Rat Kidney and Placental Antiserum 
When Injected into 8-Day Pregnant Rats. 

Dose of 
antiserum Absorption 

I, \ No. of that yields Dose of 
50% mal- antiserum Concentra- mal- 

formation administered tion, mg/ml No. of formed Tera- 
Antiserum -m1/100 g of rat wt- Antigen antiserum litters litters togenic 

1. Kidney 
2. ” 

3. ” 

4. ” 

5. ” 

6. ” 

7. ” 

8. Placenta 
9. ” 

10. ” 

11. ’) 
12. ” 

13. ” 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

.50 

.75 

.75 

.75 

.75 
1.25 
1.0 
1.0 

1.0 

Rat serum 
Kidney 
Kidney 
Kidney 
Placenta 
Placenta 
Placenta 
Rat serum 
Placenta 
Placenta 
Placenta 
Kidney 
Kidney 

75 
1 
5 

10 
5 

10 
80 
70 
10 
40 
40 

10.0 
3.75 

6 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

6 
4 
2 
0 
4 
4 
3 
4 
4 
0 
4 
1 
0 

Yes 
Y 9  

9 9  

No 
9s 
Yes 

1’ 

9 9  

No 
Yes 

No 
Y 9  

days of pregnancy and were weighed and 
examined for malformations. 

Absorption studies were carried out at 
37°C in an Eberbach shaker water bath. 
Weighed amounts of lyophilized antigen and 
antisera were resuspended in distilled water 
in various concentrations and incubated for 
30 minutes. These solutions were then uti- 
lized in agar diffusion systems or injected 
into pregnant rats to determine whether the 
teratogenicity of antisera had been modified 
(Table 11). 

The analyses of the precipitin bands formed 
between the soluble placental antigens and 
their respective antibodies were performed 
using an agar diffusion system that consisted 
of a lucite template with 6 wells in a circle 
around a center well. All wells were me-half 
inch from each other, center to center. The 
wells in the template have a volume of .15 

ml and the template is placed on an agar 
layer 2 millimeters thick. Photographs of the 
bands were made with darkfield illumination. 

Results. The effect of rabbit-anti-rat whole 
placental serum, rabbit-anti-rat maternal de- 
cidud serum and rabbit-anti-fetal placental 
serum were similar in many respects to the 
effects of rabbit-anti-rat kidney serufm. When 
injected into pregnant rats at the proper dose, 
these antisera can produce embryonic death, 
growth retardation and malformation. Neither 
control group had any significant alterations 
in the malformation rate, the resorption rate 
or (the rate of fetal g r ~ w t h  (Table I ) .  All the 
adsorption, LD/5O and immunodiff usion stud- 
ies were carried out with the antiserum 
against whole placenta. It was apparent that 
the immunodiffusion patterns of all 3 anlti- 
sera were qualitatively identical. Although the 
rabbits received the same quantity of dried 
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FIG. 1. Immunodiffusion pattern-well contents: 
M-Rat kidney antigen (100 mg/ml) 
A-F a l l  cuntain anti-rat-kidney serum. I.n wells B, C, E and F, the antisera were 

pRviously absorbed wid31 various quantities of lantigens/ml of kidney mti!serum. 
B-20 mg kidihey/ml of kidney antiserum 
C-5 rdg kidney/ml of kidney dse r rum 
E--5 mg placentaid Olf kidney Gwlltiseav m 
F-20 mg phcmta/mi of kidney antiserum 

It can be observed that the bands between kidney mlkerurn and kidney antigen are eliminated 
in reaction B-M Iby absosorption d the antiserum with 20 mg of kidney. Fu r themre ,  the absorbed 
anhiserum in well B is no longer teratogenic when tested in vivo. On the other hand, absoaption 
with 20 mg of placenta is not as effective in reducing the precipitin ban& and when tesited in vivo 
in pregnant m4.s it is sti l l  iteratogenic (F-M). In f a d  5 mg of kidney/d of kidney a n t i m m  is 
more effecitive in modifying the immun&ifftusioln pattern and reduioing teratogenicity (C-M) than 
20 mg of placental antigen (F-M) (Tgble 11). 

antigenic material, the pooled antiserum ob- 
tained from rabbits immunized with fetal pla- 
centa was less potent than the other 2 pla- 
cental antisera pools. 

In the experimental groups receiving the 
rabbit anti-rat placental antiserum, there was 
a definite correlation between dose of the 
antiserum and incidence of malformations, 
amount of fetal growth retardation and re- 
sorption rate (Table I). As the dose of anti- 
serum administered rose from .75 ml to 
1.5 mlJlO0 g of pregnant rat, fetal mortality 
rose from 3 1.8% to 65.7 % . The average term 
fetal weights also decreased as the dose of 

antiserum was increased. 
In the group receiving the lowest dose (.75 

ml/lOO g pregnant rat) (the incidence of mal- 
formations in the surviving fetuses was 
46.7%. Thus, almost half of the surviving 
fetuses were malformed, in spite of the fact 
that there was only minimal growth retarda- 
tion in this group of fetuses. Almost 100% 
of the surviving fetuses were malformed in 
the groups receiving higher doses. 

The following spectrum of malformations 
was produced: Central nervous system (hy- 
drocephaly, hydranencephaly, microphthal- 
mia and anophthalmia) ; Cardiovascular sys- 
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FBG. 2 .  Imuniodiffusion Patteirn-Well Contents: M-Rat kidney antigen (100 mg/ml) ; 
A-anti-aet-kidney serum. B-Anti-rat-kidney serum absorbed with 80 mg rat s e r u d m l  
antiserum. C-Rat kidney antigen (200 mg/ml) . E-Anti-mt-placental serum adsoirbbed with 
80 mg nat serum ; F-Anti-rat-placental serum. Absiorptlion of anti-kidney and mitiplacenha2 
wrum with rat plasma removes several precipitin bands. Reaotio~n B-M has fewer bands 
than A-M and reactiron E-M has significantly fewer bands &an F-M, indicating thart pla- 
cental antiserum contained a higher percent of the plasma antibodies than kidney antisera. 
The 2 precipitin blands near Wells A and F and between A-B and F-E are due to excess plasma 
in Wells B and E resGting with plasma antibodies in kidney and placental antiserum. Other 
studies demonstrated that the remaining bands were not due to red blood oelil oh remaining plasma. 
antibodies. T%e !bands in B-M, B-C and E-M (aTe due to the reaction of tissue antigens with 
placental and kidney antiserum. Therefore, there is at least one antibody in placenta and 
kidney antiserum (arrow) that reacts with kidney antigen. 

t m  (aortic arch anomalies, situs inversus, 
atrial and ventricular spetal defects) ; Genito- 
urinary system (renal agenesis and aplasia, 
gonadal agenesis and malposition) ; Face 
(cleft lip and palate, nasolacrimal cleft) ; 
Limb and bone (amelia, hypoplasia). There 
seemed to be no propensity for the antiserum 
to affect only one particular organ system, 
although the central nervous system was the 
most commonly malformed. 

The absorption studies detailed in Table 
I1 reveal: 1. Large amounts of rat serum 
proteins (70 mg of serum protein/ml of tera- 
togenic serum) do not protect against the 
teratogenic effects of either kidney or pla- 
cental antisera (Table 11, Exp. 1, 8) .  2. Small 

amounts of kidney protein (5 and 10 mgJml 
of teratogenic serum) protect against the 
teratogenic effects of both kidney and pla- 
cental antisera (Table 11, Exp. 2, 3, 4, 12, 
and 13). Furthermore, kidney antigen is 
more effective than placental antigen in pro- 
tecting against the teratogenic effects of kid- 
ney and placental antiserum (Fig. 1). 3. Pla- 
cental antigen can protect against the terato- 
genic effects of placental antisera but rela- 
tively larger amounts of placental antigen 
do not completely abolish the teratogenic ef- 
fect of kidney antiserum (80 mg of placental 
antigen/ml of teratogenic serum) (Table 11, 
Exp. 5 ,  6, 7, 9, 110, arld 11). 

The immunodiff usion studies indicate that 
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FIG. 3. Immunodiffusion Pattern-Well Contents: M-Rat placental antigen (200 mg/ml) 
W e k  A, B, C, E and F have the same contents as in Fig. 2. Therefore, the only difference 
between the wel4 contents in Fig. 2 a d  Fig. 3 is that well M contains placental antigen 
rather .than kidney antigen. Absorbed (with rat serum) land unabsorbed kidney amd placenkal 
antisera when reacting with placental antigen (E-M, F-M, A-M and B-M) have a pre- 
cipitin band in common (arrow) which indicates that placental and kidney antiserum 
contain an antibody in common and placental1 and kidney &sue have an antigen in com- 
mon. Other immunodiffusion patterns have demonstrated that the common antigen is 
not due to red blood cell contaminartion or unabsorbed plasma antigens. In this lpaticuhr 
pabtern, the common precipitin band is not continuous with m y  band in reaction B-C, but 
other plates b v e  demonstrated Ith*ad it is m b u o u s  with the second band closest to well 
C. T h e r e f a ,  the last statement in the description to Fig. 2 can be extended as follows: 
there is a common antibody in placenta and kidney antisem whioh reacts with placental antigen. 

some of the precipitin bands observed in the 
reaction between rabbit anti-rat kidney and 
placental sera and kidney and placental anti- 
gen are due to the reaction of rat serum anti- 
gens in the placental and kidney antigen 
preparations and rat serum antibodies in 
the placental and kidney antisera (Fig. 2 ) .  
Absorption of these antisera with rat serum 
removes many of these bands but not the 
teratogenicity of these antisera (Table 11, 
Exp. 1, 8; Fig. 2 ) .  Furthermore, when all 
the serum protein bands have been removed, 
there still is a common precipitin band be- 
tween the reaction of kidney antigen and pla- 
cental and kidney antiserum (Fig. 2, 3) .  

Discussion. The similarity between the 

pathologic effects of placental and kidney 
antiserum has long lbeen known. Both anti- 
sera have been reported to produce a nephri- 
tis(5). The globulin fraction of each anti- 
serum, when labeled with fluorescein, will 
stain the basement membrane and vascular 
structures of both kidney and placenta(6). 
Placental antiserum and kidney antiserum 
have been known as abortogenic agents. And 
finally, it is now apparent that both kidney 
and placental antisera are teratogenic agents 
(1)3,4)* 

Pressman and Korngold believe that the 
abortogenic and nephritogenic factors in pla- 
cental antiserum are not the same(7). Steb- 
lay's in vitro studies have demonstrated that 
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fluorescein labeled placental antiserum spe- 
cifically stains the kidney and similarly la- 
beled kidney antiserum specifically stains the 
placenta (6). Studies from our laboratory, 
utilizing in vivo fluorescein labeling tech- 
niques, have demonstrated that the specific 
fluorescence of teratogenic kidney and pla- 
cental antiserum were quite similar in the 
kidney, adrenal, liver and spleen and that, 
furthermore, both antisera specifically local- 
ized in the yolk sac membrane of young rat 
embryos (8). 

I t  is, therefore, evident from the literature 
and this paper that placenta and kidney have 
antigens in common and, furthermore, that 
antiserum prepared against either tissue cross 
reacts with the other tissue. This in itself 
is not proof that the identical immunopro- 
teins from kidney and placental antiserum 
are involved in the teratogenesis, although 
there is no question that 'both kidney and pla- 
centa contain antigens which can neutralize 
the teratogenic effects of their respective 
antiserum. Furthermore, it is evident that 
dried lyophilized kidney contains a higher 
concentration of this neutralizing anti- 
gen (Table 11). This can be indirectly de- 
duced from the fact that less kidney and 
more placenta was necessary to neutralize the 
teratogenic effects of placental antisera (Table 
11) and that the samle amount of kidney anti- 
gen produced a much more potent ant' 1 iserum 
than did the injection of a similar amount of 
placental antigen. The fact that placental anti- 
gens were not able to neutralize completely the 
effect of teratogenic kidney antiserum might 
be due to the fact that the concentration of 
these antigens was much lower in the placenta 
than in the kidney or it might indicate that 
the spectrum of placental antigens which in- 

duce teratogenic antibodies are completely 
represented in the kidney but the spectrum of 
antigens in the kidney which induce terato- 
genic antitbodies are not completely repre- 
sented in (the placenta. In either event there 
are one or more identical teratogenic anti- 
bodies in kidney and placental antiserum. 

Summary. Rabbit anti-rat placental serum 
is a potent teratogenic agent when injected 
into pregnant rats. Irt produces fetal growth 
retardation, fetal death and malformations. 
In these respects, it cannot be differentiated 
from rabbit anti-rat-kidney antiserum. Kid- 
ney and placental antisera have precipitin 
bands in common and the tissue antigens of 
kidney can protect against the effects of either 
antiserum. Although this cannot be stated 
with absolute certainty, it seems likely that 
there are one or more identical antibodies 
responsible for teratogenesis in kidney and 
placental an tisera. 
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