


The appearance of embryos recovered at Day 6 p.c. was different from that at Day 14 p.c.
Embryos from antibody-treated females were surrounded by a zona pellucida, as in control
females, and in some cases cumulus granulosa cells. At this earlier time, however, embryos were not
enclosed by endometrial secretions and the adherent granulosa cells were loosely attached since
they were easily removed by addition of hyaluronidase to the collection medium. The number of
embryos recovered after antibody treatment (29, 7-3 per female) was similar to that in control
females (25, 8-3 per female). In both groups some embryos were found in the oviduct (control
females, 28%; treated females, 34%) while most were located in the uterus (Table 2).

Embryos from ferrets treated with anti-progesterone monoclonal antibody were development-
ally arrested at Day 6 (Figs 1 & 2; Table 2). Of 29 embryos recovered, only one had progressed to
the 4-cell stage. In control females most embryos were at the morula (32%) or blastocyst (28%)
stage. The number of eggs containing chromosomes at metaphase II, and thus unfertilized, was

similar in females of both groups (15 vs 12%).

Effect ofmonoclonal antibody on plasma progesterone concentrations

Plasma progesterone concentrations in cardiac blood were about 4- to 6-fold greater in females
treated with anti-progesterone antibody (Groups 1 and 2) than in control pregnant females
(Groups 3 and 4, Table 3). The concentration of progesterone in plasma of the female with implan¬
ted embryos after antibody-treatment was similar to that of non-pregnant treated females (Group
1, Table 3).

Table 3. Plasma progesterone concentrations in ferrets after passive immuniz¬
ation with heterologous anti-progesterone monoclonal antibody (see Table 1

for details of treatment)
Plasma progesterone cone. (nmol/l)t

Treatment Pregnant
Group (no. of animals) (implanted) Non-implanted

1 Antibody (6) 616-6 (1) 711-0+132-3(5)
2 Antibody (3) 469-3+31-8(3)
3 Mouse serum (4) 98-6+10-4 (4)

—4 0-9% (w/v) NaCl (10) 102-4+ 3-8 (10)
—

t At autopsy on Day impost coitum.

Mean plasma progesterone concentrations were slightly higher in pseudopregnant
(123-4 + 4-0 nmol/1; 38-6 ng/ml) compared with pregnant control females (102-4 + 3-8 nmol/1;
32-2 ng/ml) due to an increased number of corpora lutea produced by hCG injection.

Prominent corpora lutea were present in females of all groups at the time of autopsy. The luteal
cells were large, they contained well-developed nuclei and their microscopic appearance was similar
among the different groups (Figs 3 & 4). Interstitial tissue was also similar in appearance among the
different groups.

Fig. 1. In control ferrets, most of the embryos were at the morula or blastocyst stage of develop¬
ment by Day 6. After the 8-cell stage cumulus cells were not observed surrounding the embryo.
xll5.

Fig. 2. Representative example of embryos flushed from the reproductive tract of an anti¬
body-treated ferret. None of the embryos recovered at Day 6 post coitum had progressed
beyond the 4-cell stage. Cumulus granulosa cells, as shown by light microscopy, were easily
removed from fertilized eggs with hyaluronidase.  115.





Morphological appearance of the antibody-treated uterus

The endometrium of ferrets treated with antibody appeared similar at Day 14 p.c. to that of the
preimplantation endometrium reported by Buchanan (1966), and to that of pseudopregnant con¬

trol ferrets in the present study (Figs 5-8). The uterine epithelium was pseudostratified, endometrial
glands were numerous and well developed, and were dilated with deposits of PAS-positive material
both within the glands and along the surface of the luminal epithelium (Figs 7 & 8).

Discussion

A single injection of heterologous monoclonal antibody against progesterone arrested
implantation in the ferret. Our findings also show that immunization arrests normal embryonic
development in the ferret, as in the mouse (Wang et al., 1984), and this probably results from an

interference with the availability of circulating progesterone for target cell interaction.
In the present study, the concentration of progesterone in the plasma of normal pregnant

females at Day 14 p.c. was similar to that previously reported (Heap & Hammond, 1974; Daniel;
1976). Plasma progesterone concentrations in antibody-treated ferrets, however, were 4- to 6-fold
higher than those for pregnant control females injected with saline or an equal quantity of mouse

serum proteins. A similar increase in plasma progesterone occurs in mice after antibody treatment
(Wang et al., 1984), and yet an important difference between the two species exists. Corpora lutea
in antibody-treated mice have started to regress by Day 10 p.c. (Wright et al., 1982) while those in
the ferret are morphologically similar to corpora lutea in control (pregnant and pseudopregnant)
animals at Day 14. Plasma progesterone concentrations during normal pregnancy reach very
similar maximum values in the two species (Heap & Hammond, 1974; McCormick & Greenwald,

Fig. 3. Light microscopy of a typical corpus luteum in the ovary of a pseudopregnant ferret at
Day 14 after hCG treatment. The luteal cells were large and contained prominent nuclei. Cor¬
pora lutea in all treatment groups were similar in number and histological appearance. H & E,
 270.

Fig. 4. A representative example of the histological appearance of a corpus luteum at Day 14
post coitum from the ovary of a ferret treated with anti-progesterone monoclonal antibody. The
morphological appearance was similar to that of pseudopregnant control females (Fig. 3).  &
 ,  270.

Fig. 5. Endometrium of a pseudopregnant ferret 14 days after hCG treatment to induce
pseudopregnancy. The uterine glands are prominent and the glandular and luminal epithelial
cells are well-developed.  &  ,  300.

Fig. 6. The endometrium of an antibody-treated ferret at Day 14 p.c. Glandular development,
including elongation, was similar to that seen in pseudopregnant females at a similar time after
ovulation. H &  ,  270.

Fig. 7. Deposits of PAS-positive material after diastase extraction were present in the uterine
glands and along the luminal epithelium of the pseudopregnant endometrium. The uterine
lumen also contained large amounts of PAS-positive material. PAS,  420.

Fig. 8. The amount of PAS-positive diastase resistant material in the uterine glands of anti¬
body-treated ferrets was similar to that observed in pseudopregnant animals. PAS-positive
material was also present along the luminal epithelium and uterine lumen although the amount
in the lumen appeared to be reduced in antibody-treated ferrets. PAS,  560.



1974; Gerber, Jacquet, Léonard & Maes, 1979), so that the much higher values found after anti¬
body treatment in the ferret must be associated with sustained luteal function in the presence
of circulating antibody. Heterologous 7S gamma globulin has a half-life of about 4-6 days
(Spiegelberg & Weigle, 1965). The high progesterone values are not related to treatment with
heterologous proteins since the concentration of progesterone in plasma of control ferrets treated
with a comparable quantity of mouse serum proteins was similar to that in control animals treated
with saline. This finding, and the fact that there is a 4- to 6-fold increase in plasma progesterone
after passive immunization, suggests that in the ferret, as in the mouse, the arrest of implantation is
associated with the binding of maternal progesterone in circulation by antibody which results in a
reduction in the amount of progesterone available to target cell receptors during early pregnancy.

Antibody-induced developmental arrest was associated with a block in early cleavage rather
than fertilization failure since the number of unfertilized eggs was similar between antibody-treated
and control animals. None of the unimplanted ferret embryos from antibody-treated females had
developed into normal expanded blastocysts when recovered at Days 6 or 14 p.c., and in the latter
instance they failed to initiate a normal implantation reaction at the expected time. It is important
to consider the time at which arrest was initiated since this would indicate whether the antibody
affected the normal process of cleavage immediately or after a more prolonged period of action. We
found that 81% of embryos were arrested before they reached the 4-cell stage when ferrets were

injected at 72 h p.c. and examined at Day 6 p.c., and the same percentage showed delayed develop¬
ment at Day 14 p.c. although cell division had progressed slowly since 10 of 34 embryos had
reached the morula stage. Robinson (1918) and Hamilton (1934) observed that the ferret embryo
has normally developed to the 4-8 cell stage by 72 h after insemination, though they occasionally
are 2-cell or 10-cell at this time, reflecting the considerable range of developmental stages found in
early embryonic life. Therefore, it seems that the antibody effect on embryo development occurs

rapidly after injection, producing a sharp and almost immediate reduction in the rate of cleavage
rather than a complete inhibition of cell division or embryotoxicity.

The results raise the question of how antibody treatment induces embryo arrest. One possibility
that must be considered is whether the antibody itself or high local concentrations of anti¬
body-bound progesterone have a direct effect on the early embryo. Whitten (1957) reported a toxic
and inhibitory effect of progesterone on the development of 8-cell mouse embryos into blastocysts
in vitro when the steroid was added at a concentration greater than 12-7 µ    / (4 µg/ml). Similar
findings were obtained by Kirkpatrick (1971) with mouse eggs cultured from the 2-cell stage, and
by Daniel (1964) and Daniel & Levy (1964) with rabbit eggs cultured from the 1 -cell stage, but in all
these studies the concentration of progesterone required was extremely high (25 nmol/1 and
32 µ    / , respectively). We do not know whether the concentration of progesterone in the vicinity
of the early ferret embryo reaches these levels after passive immunization or whether antibody
gains access to the luminal environment in a sufficient amount to produce such an effect. However,
preliminary studies with 2-cell mouse embryos show that the addition of purified anti-progesterone
monoclonal IgG (up to 7-3 µ    / ) saturated with progesterone (15 µ    / ) fails to affect the rate of
blastocyst formation in vitro (V. Rider, unpublished observations). The present results also show
that tubai transport in the ferret was probably not seriously affected by passive immunization since
the proportion of embryos in the uterus and oviduct was similar in antibody-treated animals to that
in control animals at Day 6 p.c. (Table 2). The available evidence so far supports the hypothesis
that passive immunization in early pregnancy causes an arrest of embryo development indirectly,
the antibody preventing progesterone from reaching target cell receptors which results in a tubai
environment incompatible with normal cleavage.

The importance of maternal progesterone during tubai development of the embryo in vivo has
not been investigated previously in this species. Earlier studies in the ferret suggested deleterious
effects of ovarian steroid removal on the blastocyst rather than on the pre-cavitation embryo.
Buchanan (1969) found that ovariectomy at Day 4 prevented expansion of ferret blastocysts and
subsequent implantation, although unexpanded blastocysts survived until Day 15 p.c. without



signs of degeneration. Steroid treatment improved the morphological appearance of blastocysts in
ferrets ovariectomized at Day 6 p.c. but implantation failed to occur at the normal time (Wu &
Chang, 1972). Our results suggest that the ferret embryo is susceptible to a reduction in available
maternal progesterone during very early cleavage, and this finding is consistent with that obtained
in the mouse.

It is probable that the antibody also exerts an antifertility effect by reducing the sensitivity of the
endometrium to the presence of the blastocyst (Rider et ai, 1985). The histological appearance of
the endometrium in passively immunized animals showed evidence of progesterone stimulation in
support of the suggestion of Buchanan (1969) that the ferret endometrium is capable of prolonged
response once stimulated by ovarian hormones. However, several investigators have shown that,
although the endometrium continues to differentiate after steroid removal, it fails to support the
development and normal implantation of blastocysts in ferrets ovariectomized before Day \0 p.c.
(Buchanan, 1969; Wu & Chang, 1972, 1973; Foresman & Mead, 1978). Implantation will occur at
the normal time (Day 13 p.c.) if ovariectomized ferrets are treated with progesterone alone or com¬

bined with oestradiol-17ß (Wu & Chang 1973), and it has been suggested that there is another
ovarian hormone secreted before Day 8 p.c. which acts in conjunction with progesterone to induce
nidation (Foresman & Mead, 1978; Mead & McRae, 1982). It is notable that in several of these
studies implantation was delayed by ovariectomy and it seems that ferret blastocysts can withstand
a 7-day period of experimentally-induced delay of implantation without loss of viability (Foresman
&Mead, 1978).

Our results indicate that since neutralization of progesterone by passive immunization with a
monoclonal antibody arrests implantation in the ferret, such a procedure may provide a new and
useful approach to the interception of pregnancy in other carnivores such as the dog and cat.
Further work is required to demonstrate how long embryos will survive after antibody-induced
developmental arrest and whether delayed implantation will eventually occur even in the absence of
exogenous progesterone administration.
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