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Extract

Rabbit antineuraminidase-treated rat kidney and rabbit antitrypsin-treated rat
kidney supernatant antisera were embryotoxic resulting in embryonic growth re-
tardation, malformations, and death when injected into 15 pregnant rats. The same
two antisera were also found to be nephrotoxic as manifested by their ability to in-
duce proteinuria in 28 male rats. However, the antiserum against neuraminidase-
treated rat kidney homogenate was significantly less nephrotoxic (averaging 46 mg
urinary protein/24 hr) than the antiserum against the soluble supernatant obtained
from trypsin-digested rat kidney homogenate (averaging 180 mg urinary protein/24
hr). The embryotoxic potency of these two antisera did not seem to correlate with
their respective nephrotoxic potency. The less nephrotoxic antiserum, namely the
antiserum against neuraminidase-treated rat kidney, is about five times as embryo-
toxic as that of the more nephrotoxic antiserum.

Fluorescent-labeled antibody localization studies showed that the teratogenic anti-
bodies localized in vivo in the maternal glomerular basement membrane, Reichert's
membrane, and the endodermal cells of the visceral yolk sac of the developing embryo.
There were at least two bands of identity between antiserum against trypsin-treated
kidney supernatant and antiserum against neuraminidase-treated kidney homoge-
nate.

The possible role played by Reichert's membrane and the visceral yolk sac endo-
dermal cells in teratogenesis induced by heterologous antibodies is discussed along
with other relevant hypotheses.

Speculation

This study indicates that different antibodies may be involved in nephrotoxic serum
nephritis and experimental production of congenital malformations induced by
heterologous antirat kidney antiserum. Although some antibodies may be both
nephrotoxic and embryotoxic, it is important to pursue the possibility that some
antibodies may have embryotoxic effects without producing any nephrotoxicity. This
possibility should be of most interest to the experimental embryologists and those in-
terested in experimental methods of interrupting pregnancy.
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Introduction

Dobrowolski [22] in 1903 first showed that heterologous
antiplacenta sera, produced in the goat, interrupted
pregnancy in guinea pigs and rabbits. Later in a series
of papers, Seegal and Loeb [44, 45] and Loeb and Seegal
[35] reported resorption of rat fetuses and the develop-
ment of chronic nephritis in the mothers when rabbit
antirat placenta serum was administered to pregnant
rats. However, no fetal malformations were reported in
these studies. Pressman and Korngold [43] in 1957 com-
pared the tissue-localizing properties of Seegal's antirat
placenta serum with antirat kidney serum. They found
that both antisera contained antibodies capable of
localizing in placenta and kidney. In 1961, Brent and
his colleagues [15] first reported that the parenteral
administration of rabbit antirat kidney serum to 8-day
pregnant rats produced congenital malformations. Fol-
lowing this initial publication Brent et al. reported the
spectrum and incidence of malformations following the
administration of kidney antiserum to pregnant rats [5],
some experiments on hypothetical mechanisms involved
in teratogenesis [7], cross species specificity of teratogenic
antisera [11], some biologic properties of teratogenic
antisera [4, 9, 16], and several reviews of this subject
[6, 8, 12-14]. Brent's findings were confirmed and ex-
tended by David et al. [20], Mercier-Parot et al. [37],
Mikhailov [38], Eyquem et al. [24], Gebhardt et al. [25],
and Barrow and Taylor [3]. Slotnick and Brent [49] in
1966 and Brent et al. [12-14, 17] reported that their
teratogenic antisera localized in vivo in the maternal
glomerular basement membrane, Reichert's membrane,
and the visceral yolk sac.

The work of Slotnick and Brent [49] and Leung et al.
[33] have provided indications that some of the antigenic
material which is responsible for the production of
teratogenic antiserum is present in the basement mem-
brane. In experimental glomerulonephritis, the nephro-
toxic serum antigen was found in the renal glomerular
basement membrane [28, 32, 46]. It has been reported
that treatment of rat kidney homogenate with trypsin
released a soluble substance which, when incubated with
nephrotoxic serum, could completely neutralize the
nephrotoxicity of rabbit antirat kidney serum. However,
such soluble supernatant could not stimulate the produc-
tion of nephrotoxic antiserum in rabbits [18, 26]. More
recently Shibata et al. [47, 48] demonstrated that the
soluble supernatant obtained from trypsin-digested rat
kidney homogenate has the capacity to stimulate the
production of nephrotoxic antiserum in rabbits. Further-

more, Mohos and Skoza [40] recently reported that sialic
acid is contained in the antigenic determinant of the
nephritogenic antigen. These authors demonstrated that
neuraminidase treatment of rat glomeruli greatly reduced
the capacity of glomeruli to remove the . nephrotoxic
antibodies from nephrotoxic antiserum. Since some of the
teratogenic-stimulating antigen (s) and the nephritogenic-
stimulating antigen(s) have been associated with base-
ment membrane, this investigation was initiated to
determine what effect the treatment of rat kidney anti-
gens with neuraminidase and trypsin had on their
capacity to stimulate the production of teratogenic
antibodies in rabbits.

Materials and Methods

Treatment with Neuraminidase

Kidneys from both male and female Wistar rats
weighing 250-400 g were perfused with phosphate-
buffered saline, pH 7.2, and homogenized in distilled
water (1 ml/rat kidney) in a blender [54] for 5 min at 4°.
The kidney homogenate was then lyophilized. Two
hundred milligrams lyophilized rat kidney homogenate
were incubated with 0.5 mg neuraminidase [55] (Cl.
perfringeus) in 5 ml 0.1 M sodium acetate buffer, pH 5.0,
at 37° for 8 hr with constant stirring. At the end of 8 hr,
the incubation mixture was stored at —20° and utilized
for the immunization of rabbits as needed. Unmodified
rat kidney homogenate was used as the control. The
activity of the enzyme (1.5 units/mg) was tested in our
laboratory with bovine submaxillary mucin [55] as
substrate. The quantity of sialic acid released either
from bovine submaxillary mucin or kidney homogenate
was determined by the thiobarbituric assay of Warren
[52] using yV-acetylneuraminic acid as the standard.
Total sialic acid of rat kidney homogenate was measured
after mild acid hydrolysis in 0.1 N H2SO4 at 80° for 1 hr.
Over 95 % of all the sialic acid contained in the rat kid-
ney homogenate was released by the treatment of rat
kidney homogenate with neuraminidase for 8 hr.

Treatment with Trypsin

The rat kidney homogenate prepared for the pre-
viously mentioned experiment with neuraminidase was
treated with trypsin according to the method of Cole
et al. [18]. Five hundred milligrams lyophilized rat kidney
were mixed with 5 mg thrice crystallized trypsin [55] in
5 ml 0.01 M CaCk solution. The mixture was adjusted to
pH 8.1 with 0.1 M sodium borate solution and incubated
at 37° with constant stirring for 3 hr. The pH of the
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incubation mixture was maintained at pH 8.1 by drop-
wise addition of 0.1 M sodium borate solution every 30
min. After 3 hr, the incubation mixture was heated to
60° for 30 min to inactivate the trypsin. The incubation
mixture was then centrifuged at 65,900 X g for 1 hr.
The precipitate was discarded, and the supernatant
was stored at —20° and utilized for the immunization of
rabbits. Unmodified rat kidney homogenate was used as
the control antigen.

Production of Rabbit Antisera

One-half milliliter of a specific quantity of antigen was
homogenized with 0.5 ml incomplete Freund's adjuvant.
New Zealand white female rabbits were initially im-
munized in the footpads with 1 ml immunizing mixture.
Single subcutaneous injections were given weekly over a
period of 8 weeks. Three kidney preparations were
utilized for immunization: (7) a total of about 80 mg
(dry weight) neuraminidase-treated kidney homogenate
was injected into each rabbit, (2) a total of 30 mg trypsin-
digested rat kidney protein as determined by Lowry's
method [36] was injected into each rabbit, (3) a total of
50 mg unmodified rat kidney homogenate was injected
into each rabbit. Rabbits were bled weekly via the central
artery of the ear after the fourth injection. One week after
the last injection, rabbits were exsanguinated by cardiac
puncture. Sera from the multiple bleedings from each
rabbit were pooled and stored at —20° until utilized for
assay of teratogenic activity. Thus three pools of antisera
were obtained: (7) rabbit antineuraminidase-treated rat
kidney homogenate serum, (2) rabbit antitrypsin-treated
rat kidney supernatant serum, (3) rabbit anti-unmodified
rat kidney homogenate serum.

Assay of Antisera for Teratogenicity

Female rats were mated with males for 12 hr during the
night. Those females that had been inseminated were
considered to be 0 hr and 0 days pregnant at 9 AM the
next morning or the beginning of the 1st day of preg-
nancy. After 8 days of pregnancy, the pregnant rats were
anesthetized with sodium pentobarbital (30 mg/kg body
weight) and laparotomized. The number and condition
of the embryonic sites were recorded. Teratogenic effects
of the pooled rabbit antisera were tested by injecting
8-day pregnant rats intraperitoneally with 0.1-0.5 ml
antisera/100 g body weight. Control pregnant rats were
treated similarly with preimmunization rabbit serum.
After 21 days of pregnancy, the rats were sacrificed, and
the fetuses were removed. The fetuses were examined
grossly, weighed, and fixed in Bouin's fixative for dissec-

tion. The incidence of malformation was determined by
the cross sectional technique of Wilson [53].

Absorption Studies

After the antisera against the enzyme-modified rat
kidney antigens were demonstrated to be teratogenic,
absorptions of the teratogenic antisera with their cor-
responding antigens were carried out in order to deter-
mine if the teratogenic effects could be neutralized. One
milliliter of either rabbit antineuraminidase-treated rat
kidney homogenate serum or rabbit antitrypsin-treated
rat kidney supernatant serum was mixed with 0.5-20 mg
of their respective immunizing antigens at 37° for 0.5 hr
with constant stirring. The adsorbed antisera were
assayed for teratogenicity in 8-day pregnant rats at a
dosage of 0.3 ml antisera/100 g body weight. Control
absorptions were also carried out with neuraminidase
and trypsin. One milliliter rabbit antineuraminidase-
treated rat kidney homogenate serum was incubated with
0.5 mg neuraminidase. One milliliter rabbit antitrypsin-
treated rat kidney supernatant serum was incubated with
10 mg trypsin which had been inactivated at 60° for
0.5 hr. The incubation mixtures were assayed for terato-
genicity in pregnant rats at a dosage of 0.3 ml/100 g
body weight.

Determination of Nephrotoxicily of Antisera

The nephrotoxicity of various antisera was estimated
by their ability to induce proteinuria in male Wistar rats
weighing 190-230 g. Rats were placed in metabolic
cages and 24-hr urine samples were collected for 4 days
prior to the administration of antiserum in order to
determine the normal daily output of protein for each
rat. Rats were then injected with 1 ml antiserum into
the femoral vein. After the injection, 24-hr urine samples
were collected for 2 weeks. Twelve rats were injected
with rabbit antitrypsin-treated rat kidney supernatant
serum; 16 rats were injected with rabbit antineuramini-
dase-treated rat kidney homogenate serum. The protein
content of urine was determined by precipitation with
3% sulfosalicylic acid [31]. All the male rats excreted
2-10 mg urine protein/24 hr prior to injection. Normal
rabbit serum was injected into nine male rats as controls.
Proteinuria was considered to be abnormal when the
daily urinary protein output persistently exceeded 20
mg/24 hr. At the conclusion of the proteinuria study,
rat kidneys were fixed in Bouin's fixative and embedded
in paraffin. The kidneys were sectioned and stained
with hematoxylin and eosin.
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Immunojluorescent Localization of Antisera

It has been reported that teratogenic sheep antirat
kidney serum and sheep antirat maternal placenta serum
localized in vivo in the maternal kidney glomerular
basement membrane and the yolk sac placenta of the
embryo [9, 12-14, 17, 49]. Therefore, maternal kidneys
and embryonic tissues were examined for the in vivo locali-
zation of injected antisera with the fluorescent antibody
technique.

Ten-day-pregnant rats were sacrificed 48 hr after the
administration of rabbit antiserum to trypsin-treated
rat kidney supernatant and rabbit antiserum to neura-
minidase-treated rat kidney homogenate at a dosage
of 0.1-0.3 ml/100 g body weight. Controls were injected
with preimmunization rabbit serum. Fluorescent locali-
zation of the injected rabbit gamma globulin was per-
formed in the following manner [19]. Two percent of the
globulin fraction of goat antirabbit gamma globulin [56]
was conjugated with 3 % of fluorescein isothiocyanate
(FITC) [57]. Conjugation was carried out in 0.1 M
borate buffer at pH 9 for 3 hr at 4° [2]. Unconjugated
FITC was removed by adsorption with charcoal (20
mg/ml conjugate). Nonspecific staining was reduced by
adsorption with acetone-dried rat liver powder (100
mg/ml conjugate). To reduce nonspecific staining fur-
ther, the goat antirabbit 7 S gamma globulin FITC
conjugate was adsorbed with 15% suspension of the
particular tissue to be stained. This incubation was
carried out for 1 hr at room temperature and then
overnight at 4°. The adsorbed FITC conjugate was
centrifuged at 3000 rpm for 10 min. Merthiolate was
added to the suspension to make the final concentration
1:10,000. Four-micron-thick fresh frozen sections were
dried for 10 min, fixed in acetone for 10 min, dried and
stained for 30 min in a wet chamber with FITC conju-
gate goat antirabbit 7 S gamma globulin at room tem-
perature, and rinsed again in three changes of phosphate-
buffered saline. Sections were mounted in 1 % Tris in
glycerin [42]. Examination of the sections was made
using a fluorescent microscope [58] equipped with HBO
200 ultraviolet light source, a BG 12 exciting filter, an
OG 1 eyepiece filter, and a darkfield condenser. Photo-
graphs were made with ASA 3000 film [59].

Immunoprecipitation Study

A modified double diffusion system consisting of a
lucite template placed on a 2-mm-thick agar base was
used [10]. Each well was 3 mm in diameter and could
contain 0.15 ml fluid. Each of six wells was symmetri-

cally placed about a similar sized center well. All wells
were 9.5 mm distant from each other, center to center.

Results

The teratogenic studies were not ambiguous; there is no
doubt that neuraminidase- and trypsin-treated kidneys
are able to stimulate the production of teratogenic anti-
bodies (Table I). Thus rabbit antineuraminidase-
treated rat kidney serum and rabbit antitrypsin-treated
rat kidney serum were both teratogenic, although there
was some difference in the potency of these antisera.
The embryotoxic effects were manifested as fetal re-
sorption, malformations, and fetal growth retardation.
The malformations produced were similar to the spec-
trum of malformations reported by Brent [5] using rabbit
antiwhole rat kidney serum. The most frequently ob-
served malformations were anophthalmia, hydrocephaly,
encephalocele, and renal agenesis (Figs. 1 and 2). Thus,
the treatment of rat kidney antigens with neuraminidase
or trypsin did not abolish the ability of these modified
antigens to produce teratogenic antibodies.

The results of the absorption studies are also sum-
marized in Table I. Absorption of the teratogenic an-
tisera with their respective enzyme-treated antigens
completely neutralized the embryotoxic effects of the
antisera. Control absorptions with neuraminidase or
inactivated trypsin did not abolish the teratogenic effect
of the antisera.

Results of the proteinuria study are summarized in
Fig. 3 and Table I. Both rabbit teratogenic antisera
were found to be nephrotoxic in male rats. However,
rabbit antitrypsin-treated rat kidney supernatant serum
produced a significantly higher level of proteinuria than
rabbit antineuraminidase-treated rat kidney homoge-
nate serum. Immediate proteinuria was not observed in
either case after injection of the antisera, but persistent
proteinuria developed about 1 week after administra-
tion of the antisera. Nine out of 12 rats tested with anti-
serum to trypsin-treated rat kidney supernatant de-
veloped persistent massive proteinuria of more than 150
mg protein excreted/rat/24 hr. One rat died during the
experiment. Three out of 16 rats injected with antiserum
to neuraminidase-treated rat kidney homogenate also
developed persistent proteinuria excreting more than
100 mg protein/24 hr while 9 others showed persistent
proteinuria above 30 mg/24 hr. Histologic examinations
of kidney treated with either antiserum revealed en-
larged glomerular tufts with hypercellularity and some
infiltration with polymorphonuclear cells.
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Table I. Effect of rabbit antisera against modified and unmodified rat kidney antigens on embryonic development, fluorescent locali-
zation, and proteinuria in the maternal tissue

Rabbit serum injected

Aniitrypsin-treated kid-
ney serum

Antitrypsin-treated kid-
ney serum

Antitrypsin-treated kid-
ney scrum

Antitrypsin-treated kid-
ney scrum

Antitrypsinrtreated kid-
ney serum

Anti neuraminidase-
treated kidney serum

Antineuraminidase-
trcated kidney serum

Antincuraminidase-
treated kidney serum

Anti neuraminidase-
treated kidney serum

Anti neuraminidase-
treated kidney scrum

Antirat kidney serum
Preimmunization control

serum

4-: the presence of specific

Absorption, mg
antigen/ml antiserum

20 mg trypsin-treated kid-
ney

10 mg inactivated trypsin

10 mg neuraminidase-
treated kidney

0.5 mg neuraminidase

No. of
preg-
nant
rats

3

2

2

2

2

2

2

4

2

2

7
9

fluorescent staining; — : the absence of such

Dose of
anti-

serum,
ml/100 g

0 . 5

0 . 3

0. 1

0 . 3

0 . 3

0 . 5

0 . 3

0 .1

0 . 3

0 . 3

0 . 5
0 . 5

staining ; ^

No. of
implan-
tation
sites

31

24

26

19

23

20

21

51

19

16

87
94

Son?"

32.3

12.5

7.7

10.5

13.0

100

100

33.3

10.5

12.5

49.4
10.6

:: border-line staining.

Mean fetal \vt at
term, g ± SD

4.01 ± 0.32

4.29 ± 0.34

4.69 ± 0.53

4.87 ± 0.45

4.56 ± 0.47

3.71 ± 0.74

4.91 ± 0.31

3.56 ± 0.40

4.04 ± 0.21
4.68 ± 0.57

Mal-
forma-
tions

in sur-
vivors,

%

85.7

57.1

4 . 2

0 . 0

45.0

76.5

0 . 0

85.7

80
1.2

Fluorescence1

Maternal ^ ° ' k

glomeruli placenta

+++ +++

=fc ±

+++ +++

4-4-4- + + +

± ±

4-4-4- + + +

4-4-4- + + +
— —

Av mg
protein/

24 hr
urine on

injection"
day

180

18

46

12

178
16

Fig. 1. A small encephalocele {arrow) and anophthalmia in a term
rat fetus. Mother was injected with 0.6 ml rabbit antitrypsin-
treated rat kidney supernatant antiserum on the 8th day of gesta-
tion.

Localization of the rabbit antiserum against trypsin-
treated rat kidney supernatant and antiserum against
neuraminidase-treated rat kidney homogenate utilizing
fluorescent antibody technique revealed that both these
antisera had identical tissue-localizing specificity. Spe-
cific linear fluorescent localization was observed in the
basement membrane of the renal glomeruli (Fig. 4);

Fig. 2. Hydrocephaly with greatly distended cerebral ventricles
(arrows) in a term rat fetus. Mother was injected with 0.20 ml
rabbit antineuraminidase-treated rat kidney homogenate anti-
serum.

no tubular fluorescence was observed. Specific homo-
geneous fluorescent staining was observed in Reichert's
membrane (Fig. 5A); there was no staining in the endo-
dermal cells of the parietal yolk sac. However, there was
granular fluorescent staining of intracytoplasmic mate-
rial of the visceral yolk sac endoderm (Fig. 5JS). No
fluorescence was observed in the developing embryo.
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Fig. 3. Results of proteinuria study. Twelve male rats were in-
jected iv with 1 ml rabbit antitrypsin-treated rat kidney superna-
tant serum; sixteen rats were injected with rabbit antineuramini-
dase-treated rat kidney homogenate serum. Normal rabbit serum
was injected into nine rats as controls. Urinary protein shown is the
average daily urinary protein output per day per rat.

There was no fluorescent staining in the section of the
renal and embryonic tissues obtained from rats injected
with control rabbit preimmunization serum. All the
above specific fluorescent staining could be reduced or
eliminated by absorbing the antisera with a certain
quantity of their corresponding antigen (Table I). Con-
trol absorption with neuraminidase and trypsin did not
reduce the intensity of the staining.

The result of double diffusion is shown in Fig. 6.
There were at least two bands of identity between anti-
serum against trypsin-treated kidney supernatant and
antiserum against neuraminidase-treated kidney ho-
mogenate.

Discussion

Many investigators [21, 30, 34, 39, 50, 51] have reported
that sialic acid is a component of the glomerular base-
ment membrane. Recently Mohos and Skoza reported
that sialic acid is a determinant of the nephritogenic
antigen and that it is a contaminant of the cell membrane
of the epithelial cells juxtaposed to the glomerular base-
ment membrane [40, 41]. From the nephrotoxic study

of rabbit antineuraminidase-treated rat kidney ho-
mogenate serum, our findings are in agreement with the
absorption experiment of Mohos and Skoza [40]. They
demonstrated that glomeruli treated with neuramini-
dase showed an approximate 50 % reduction in the
capacity for removing the nephrotoxic antibody from
antiserum to kidney. Our present investigation confirmed
that neuraminidase treatment of rat kidney homogenate
greatly reduced the capacity of the treated kidney
antigens to elicit a potent nephrotoxic antiserum. How-
ever, our results also showed that neuraminidase did not
completely destroy the nephrotoxic antigen. The ques-
tion does arise as to whether this difference could be due
to incomplete digestion of sialic acid in kidney tissue or
that more than one antigen may produce glomerular
localizing antibodies and therefore contribute to the
production of nephrotoxic serum.

Cole et al. [18] and Goodman and Baxter [26] re-
ported that the antigens present in the supernatant of
trypsin-digested rat kidney homogenate did not stimu-
late the production of nephrotoxic antiserum in contra-
diction to the more recent findings of Shibata et al.
[47, 48]. Our finding from the nephrotoxic study of
rabbit antitrypsin-treated rat kidney supernatant serum
confirmed the reports of Shibata et al.: namely, that
treatment of rat kidney homogenate with trypsin re-

Fig. 4. Immunofluorescent localization of rabbit gamma globulin
in maternal renal glomerular basement membrane of pregnant
rat injected on the 8th day of gestation with antiserum against
trypsin-treated rat kidney supernatant. Tissue was examined 2
days after injection of 0.6 ml antiserum. The same immunofluores-
cent localization was observed for antiserum against neuramini-
dase-treated rat kidney homogenate. Renal tissue examined 2
weeks after injection of antisera still showed the same intense
fluorescence. X 100.
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5C
Fig. 5. A.- Immunofluorescent localization of rabbit gamma globu-
lin in Reichert's membrane (RM) and in the visceral yolk sac
endodermal cells {VE). Tissue was examined 2 days after injection
of rabbit antiserum against trypsin-treated rat kidney supernatant
on 8-day pregnant rats. X 100. B: Higher magnification of A to

Fig. 6. Precipitin reactions between trypsin-treated rat kidney
supernatant (center) and rabbit antitrypsin-treated rat kidney super-
natant serum (/ and 4) and rabbit antineuraminidase-treated rat
kidney homogenate serum (2 and 5). Wells 3 and 6 contained rat
serum.

leased a soluble antigenic substance which could pro-
duce potent nephrotoxic antiserum.

From the teratogenic study, our findings indicated
that rabbit antitrypsin-treated or antineuraminidase-
treated rat kidney antiserum is teratogenic in pregnant
rats. Thus the kidney antigens which are responsible for
stimulating the production of teratogenic antibodies are
not destroyed by treatment with trypsin or neuramini-
dase. This would indicate (1) that the sialic acid which
is accessible to neuraminidase action is not an essential
component of the antigenic moiety which produces
teratogenic antibodies and (2) that trypsin digestion does
not affect the ability of the treated kidney antigens to
stimulate the production of teratogenic antibodies either
because the soluble products of the enzyme digestion are

show intracytoplasmic granular localization of immunofluorescence
in the endoderm cells of the visceral yolk sac and linear localization
of immunofluorescence on the Reichert's membrane. X 380. C:
Histology of a 10-day-old embryo with its extraembryonic mem-
branes as shown in A. Maternal tissue is at the top of the picture.
X 100.
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still immunogenic or because the antigenic determinant
is not affected by trypsinization.

Pressman and Korngold [43] indicated that different
antibodies may be concerned with the interruption of
pregnancy and production of nephrotoxicity. It is im-
portant to note that between the two antisera studied in
our present investigation the less nephrotoxic antiserum,
namely the antineuraminidase-treated rat kidney ho-
mogenate serum, was shown to be a more potent tera-
togenic agent while the more nephrotoxic antitrypsin-
treated rat kidney supernatant serum was the less em-
bryotoxic. This indicates that the embryotoxic effects of
the antisera may not be related to their nephrotoxic
activity. This finding is supportive of the concept that,
although some antibodies may be both teratogenic and
nephrotoxic, there may be groups of antibodies with
one or the other property. This possibility is worth
pursuing because of its implications to the experimental
embryologist and those interested in experimental
methods of interrupted pregnancy.

This investigation demonstrated that the embryo-
toxic antibodies localized in both Reichert's membrane
and visceral yolk sac. endodermal cells. At the present
time it is impossible to determine whether teratogenesis
results from pathologic processes secondary to antibody
localization in Reichert's membrane or in the visceral
yolk sac. It is also possible that alteration in the function
of both yolk sac tissues may contribute to teratogenesis.
The fixation of antibodies on Reichert's membrane may
alter the selective permeability function [1, 23, 29] of
Reichert's membrane for maternofetal interchange by
the yolk sac placental route. On the other hand, the
fixation of antibodies in the visceral yolk sac endodermal
cells might interfere with the histotrophic function of
the visceral yolk sac epithelium. There are several theo-
retical mechanisms whereby heterologous tissue antisera
can produce congenital malformations. (/) A direct
effect on the embryo. Yet in numerous labeling studies with
both the fluorescent antibody and l26I-labeled antibody,
no significant amounts of antibody have been demon-
strated in the embryo. This, of course, does not rule out
a direct effect on the embryo, but it certainly does not
support the hypothesis. (2) Immunopathologic disease in the
mother secondarily affecting the embryo. Many studies have
been performed to establish the significance of this
hypothesis. Most results do not support this hypothesis,
but none definitively refute it. For example, severe
embryopathic effects occur within the first hours [8],
cortisone and antihistamines do not prevent the embryo-
pathic effects [24], aminonucleoside nephrosis with its
associated severe proteinuria does not result in embryo-

pathology (unpublished result), Heymann's autoimmune
nephritis [27] does not interfere with embryonic de-
velopment [10], and complement fixation and its asso-
ciated events are not necessary for teratogenesis to occur
[4, 16]. Other experiments could be designed to pursue
this hypothesis, but for the moment it seems most ap-
propriate to pursue the last hypothesis. (3) The production
of chorioallantoic or yolk sac placenta dysfunction. With the
localization of all teratogenic antisera in the yolk sac
(Reichert's membrane and visceral yolk sac epithelium)
[12-14, 17, 49] and no localization in the chorioallantoic
placenta, it seems reasonable to accept the yolk sac
dysfunction hypothesis as the most legitimate and to
pursue to proof or refutation of this hypothesis. Although
it would appear more reasonable to suspect dysfunction
of the visceral yolk sac to be more important, one can-
not resolve the relative contribution of dysfunction of
Reichert's membrane to embryopathy without further
investigation with this question in mind.

Summary

Both rabbit antineuraminidase-treated rat kidney and
rabbit antitrypsin-treated rat kidney supernatant anti-
sera were embryotoxic resulting in embryonic growth
retardation, death, and malformations when injected
into pregnant animals. Thus the kidney antigens which
are responsible for stimulating the production of terato-
genic antibodies are not destroyed by treatment with
trypsin or neuraminidase. The same two antisera were
also found to be, nephrotoxic. However, the antiserum
against neuraminidase-treated rat kidney homogenate
was much less nephrotoxic than the antiserum against
the soluble supernatant obtained from trypsin-digested
rat kidney homogenate. The embryotoxic potency of the
antisera did not correlate with nephrotoxic potency,
since the less nephrotoxic antiserum was shown to be
the more potent embryotoxic agent.

Fluorescent-labeled antibody localization studies
showed that the teratogenic antibodies localized in vivo
in the maternal glomerular basement membrane,
Reichert's membrane, and the endodermal cells of the
visceral yolk sac of the developing embryo. There were
at least two bands of identity between antiserum against
trypsin-treated kidney supernatant and antiserum against
neuraminidase-treated kidney homogenate.
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