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produce the enzyme penicillinase among
strains of S. aureus was accomplished. Four
of 19 sensitive strains were capable of ac-
cepting the penicillinase marker. The 4
acceptor strains were sensitive to lysis by
phages in Group I. Four different phages
were capable of participating in the transduc-
tion process.
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Embryonic Survival in Relation to Number and Size of Implantation

Swellings in the Rabbit Oryctolagus cuniculus.*
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The mechanisms involved in implantation
of blastocysts are different from those re-
quired for embryonic or fetal survival. The
attachment of blastocysts depends on 3 prin-
cipal mechanisms related to myometrial mus-
cle, adhesions and invasion; these operate in
sequence but with some overlap(l). Em-
bryonic survival depends on other factors
such as genetic makeup(2). age of female
output of unknown substances in the dam’s
blood(3) and age of gametes at fertilization
(4). Hormonal requirements of implanta-
tion are also different from those of embry-
onic survival(5). It has been shown experi-
mentally that deficiency in progesterone can
cause embryonic death at some stages of
pregnancy (6).

In polytocous mammals, embryonic mor-
tality is usually followed by reabsorption.
With a very large number of implantations
complete reabsorption of the litter during
pregnancy is most common among vounger
females(7). In the rabbit, embryonic loss is

* This work was supported by research grants
from Nat. Science Foundation and the Population
Council, Inc., N. Y.

Scientific Paper 2070, Washington Agric. Exp. Sta-
tions, Pullman, Project No. 1473.

distributed in a specific pattern; 7% immedi-
ately after implantation, 66% during mid-
pregnancy and 239% during late pregnancy
(8).

The purpose of this experiment is to exam-
ine embryonic survival in relation to number
of implantations and diameter of uterine
swelling at implantation sites. The ova trans-
fer technic was used to obtain rabbits with
different numbers of implantations within
the physiologic range of the species (normal
implantation number in the rabbit 5 to 15).

Materials and methods. A total of 56 pu-
bertal and 49 adult rabbit does of New Zea-
land White, California, and crossbreds were
used in this experiment. Average weights
were 6.3 1b for pubertal does and 7.5 1b for
adults. All rabbits were brought from one
local breeder who used a mild degree of in-
breeding. Prior to the experiments each doe
was isolated for 16 days. Twelve fertile and
vasectomized bucks were also available.

Donors. The pubertal does used as donors
were superovulated by gonadotrophic hor-
mones. Pregnant mare serum was used for
the priming doses and HCG was used to in-
duce ovulation. Soon after the ovulation-
inducing injection, each donor was mated to
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TABLE I. Embryonie Survivalt in Relation to Number of Implantations* in Both Uterine

Horns.
No. of implantations®/recipient
Ttems 1-5 G--10 11-16
No. of recipients 22 14 13
No. of corpora lutea on both ovaries Range 6-14 7-16 10-15
Mean 11.4 11.4 12.2
Total No. of implantations® 73 107 160
No. of implantations/recipients—Mean* 3.3 7.6 12.3
No. of surviving embryost Range 0-5 5-10 7-11
Mean 2.0 5.6 9.2
% embryo survival Range 0-100 25-100 47-100
Meant 56 74 76

* At 8 days post eoitum,
t ” 15 » »”

t Difference between the 3 means were not statistically significant.

2 fertile bucks. Forty to 48 hours post coi-
tum, the donors were sacrificed by bleeding
and the tubes were placed in sterilized Petri
dishes. The ova were recovered by flushing
the tubes with a few milliliters of sterilized
physiological saline and were counted under
a binocular microscope (X 10), mixed in a
watch glass and examined carefully (<45)
for their normality. Healthy 8-32-blastomere
ova were selected. The procedures were car-
ried out inside a glass cabinet in a culture
room kept at 25 to 28°C.

Recipients. Three groups of recipients
were available; different numbers of fertil-
ized ova were transferred to both uterine
horns of the recipients. Recipients were
mated to vasectomized bucks to induce pseu-
dopregnancy. Recipients were anaesthetized
with an intravenous injection of Nembutal
‘(Abbott). Laparotomy was performed and
3 to 20 fertilized ova were transferred into
each Fallopian tube. 25,000 1.U. of penicil-
lin were sprayed in the abdomen near the
site of incision.

The abdomen was closed in one layer
using chromic gut (00) (Ethicon). Recipi-
ents were laparotomized from the midline at
8 days post coitum; number and diameter of
implantation sites were recorded. At 15 days
p.c., recipients were sacrificed and the repro-
ductive tract was dissected. The number of
corpora lutea on both ovaries was counted
and viability of implantations was deter-
mined by dissecting the fetuses and examin-

ing the heart beat. The data included 340

implantations.

Results and discussion. The number of
implantations expressed as a percentage of
number of ova transferred averaged 83%.
Nine recipients (18% of total number recipi-
ents) had implantations in cne horn only.
Ten recipients (20% of total number of re-
cipients) did not show any embryonic mor-
tality from 8 to 15 days of pregnancy. In
four recipients all implantations were degen-
erating at 15 days p.c.; these represented re-
cipients with one or two implantations.

Rate of embryonic survival was based
upon the number of viable embryos (at 15
days p.c.) expressed as a percentage of the
number of implantations (at 8 days p.c.).

Effect of number of implantations at 8
days p.c. The recipients were grouped into
3 categories according to number of implant-
ations in both uterine horns at 8 days p.c.,
namely from 1 to 5; from 6 to 10 and from
11 to 16 implantations. Average number of
corpora lutea on both ovaries was similar in
the 3 groups, ranging from 11.4 to 12.2.
Average implantation number in the 3 groups
was 3.3, 7.6 and 12.3 respectively (Table I).
Average rate of embryonic survival in the 3
groups was 56, 74 and 76%. There was no
significant difference between the groups as
judged by analysis of variance.

However, the data of the 3 groups were
then pooled and correlation and regression
were calculated between number of implanta-
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FIG. 1. Regression line between No, of implanta
tions and embryounic survival,  Each eivele repre-
sents one reeipient. There was a significant posi-
tive correlation,

tions and embryonic survival (Fig. 1). Rate
of embryonic survival was positively corre-

lated with number of implantations (r =
0.290. n = 49): this was significant at the
5% level. It was also noted that the loca-

tion of the non-viable embryos was not re-
lated to any specific site along the uterine
horn (near the tubal or cervical end) (Fig.

2).
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Effect of diameter of implantation sites at
& davs p.c. The diameter of implantation
sites is indicated here as the “index of uterine
swellings™ (1.U.S.). This index, calculated
for each litter, represented the average di-
ameter of implantation sites (uterine swell-
ings) which survived from 8 to 15 days p.c.
The “index of uterine swellings” for the 3
groups of recipients was 8.8, 9.4 and 9.4 mm
respectively (Table IT and Fig. 3).

vz teon (6401 (781 (750)
"
° l ' . “aus’
. hT]H“ ¥ /P
Ea -y t i
52
3 -2
£
g7 -3
3w
3z
Eo-a
Zre
P
Fon-s
3oc
g3
H
z
23 vz (659 (749) (710) (G
r_‘m !
Z';‘ b
az i i
#5, i H “aus*
o i ' x aus
! "l I [
I
- .
i
!
-2
3 - DEGENERATING
D viAlLE

-4
I’1G, 3. Diameter of implantation swelling in rela-

tion to embryonic survival at 15 days post coitum.
The 2 horizontal lines ‘“AU.S.’’ represent mean

diameters of uterine swellings (at 8 days p.e.)
which eventually were detected as viable embryos
at 15 days p.eo; the lines represent avg for each
litter, Each embryo is represented by one columi.
The columns represent % deviation of swelling
diameter (8 days p.c.) from the mean of its litter.
Kight litters are represented; each litter included
hoth degenerating and viable embryos. For in-
stance, No. 691 had 1 degenerating embryo with a
swelling diameter larger than the mean; and 6
swellings less than the mean; 3 viable embryos with
swelling diameter larger than the mean and 5
swellings less than the mean. Most of the degen-
erating embryos had a smaller diameter of uterine
swellings at implantation. X indicates swelling of
a diameter to the average.

It appears that, within litters of average
size, embryonic survival is not primarily re-
Jated to number of implantations. There is
a “ceiling value” for the number of implanta-
tion sites which can be successfully main-
tained. Beyond a certain level, the mortality
tends to fall on the “litter” as a unit rather
than on individual embryos, which by com-
petition inter se prejudice each other’s sur-
vival(8). This phenomenon seems more
pronounced in excessively large litters in
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TABLE 1I. Ewmbryonie Survival in Relation to Diamecter of Swellings at ITmplantation Site.

No. of implantations/recipient

Ttems 1-5 6-10 11-16
Total No. of implantations* 75 228 138
Index of implantation swelling (I.U.S.)t Range 5.5-13.0  6.6-12.8 7.1-12.7
Mean 8.8 9.4 9.4

Uterine swellings which did not survive until 15 days p.e.

% over mean of 1.U.S, 17 23 12

% below ” 7 7 80 75 83

% equal to mean 3 2 5

* At 8 days post coitum.

t Diameter of swellings of implantations at 8 days p.c. which survived until 15 days p.c.

which the placental development may be ad-
versely affected or the normal vascular sup-
ply is inadequate. It is possible that the
“ceiling value” for embryonic survival varies
with breed, strain and individual as well as it
varies with species. Among women, it is well
known that some individuals tend to abort
repeatedly (9).

In 75 to 83% of the cases, the embryos
degenerating at 15 days p.c. had at 8 days
p.c., implantation diameters less than the av-
erage diameter of uterine swellings at 8 days
p.c. This may indicate that most, but not all,
the small implantations at 8 days p.c. are sus-
ceptible to embryonic death. However, the re-
sults do not show whether embryonic death
at this stage is a result of retardation in pla-
cental development or that degeneration oc-
curs very close to implantation with subse-
quent retardation of placental development.

Unilaterally ovariectomized females ges-
tate the normal number of live embryos per
pregnancy(10): since in such pregnancies,
one uterine horn is empty, the average num-
ber of embryos gestated in the other horn is
doubled. In the mouse, when the number
of implantations in one horn is increased arti-
ficially above the normal level by ova trans-
fer, embryonic survival is reduced in the
other horn so that on an average the total
number in the 2 horns combined does not ex-
ceed average litter size of the breed(7,11).

Attempts to increase litter size of a small-
sized breed of rabbits by increasing the num-
ber of ova transferred were unsuccessful and,
in fact, produced opposite effects(12). How-
ever, in superovulated sheep, with the in-
creasing number of implants, number of sur-
viving embryos reached a ceiling at a level of

about 4 per pregnancy(13). This is nearly
three times the normal litter size cof sheep.
The effects of endogenous and exogenous
levels of steroid hormones on embryonic sur-
vival is still not fully understood.

Summary. Variable numbers of fertilized
healthy ova (3 to 20) were transferred into
49 recipient rabbits of a synchronous stage of
pseudopregnancy. The recipients were lapa-
rotomized at 8 days post coitum (p.c.) to re-
cord number and diameter of implantation
sites, At 15 days p.c., the recipients were
killed and number of viable embryos re-
corded. In 3 groups of recipients the num-
ber of implantations at 8 days p.c. was 3.3,
7.6 and 12.3 and rate of embryonic survival
was 56%, 74% and 76% respectively with
no significant difference between the groups.
Embryonic survival tended to be positively
related to number of implantations. Non-
viable implantations were not located at spe-
cific sites along the uterine horn. Diameter of
implantation swellings was not related to
number of implantations per recipient. In
75 to 83% of the cases, the degenerating em-
bryos (15 days p.c.) had implantation diame-
ters (8 days p.c.) less than the average of vi-
able implantation swellings.

Thanks are due to Ayerst Laboratories for do-
nation of pregnant mare serum Equinex, Abbott
Laboratories for Vetrophin, Fort Dodge Laboratories
for Gonamone, and Upjohn Co. for Gonadogen.
Thanks are also due to R. E. Mauer for technical
assistance.

1. Boving, B. G., Ann. N. Y. Acad. Sci., 1959, v75,
700.

2. Perry, J. S., J. Reprod. Fertil., 1960, v1, 71.

3. Hammond, J. Fertility, Chap. 21, Mashall’s



684

Physiology of Reproduction. Edited by A. S. Parkes.
1952, vII, p648.

4. Blandau, R. J., Ann. N. V. dcad. Sci., 1934, v37,
526.

5. Hafez, E. S. E,, Pincus, G., Proc. Soc. Exp.
Bror. ANp MEp,, 1956, v91, 331,

6. Smithberg, M., Runner, M. N., J. Exp. Zool,
1956, v133, 441.

7. McLaren, A., Michie, D., J. Exp. Biol.,, 1959,
v36, 381.

Junin Virus IN HELA CULTURES

8. Adams, C. E,, J. Reprod. Fertil., 1960, v1, 36.

9. Vignes, H., Physiologie Obstetricale, Paris, 1923,
pl184.

10. Hollander, W. F., Strong, L. C., J. Exp. Zool.,
1950, v113, 131.

11. McLaren, A., Michie, D., J. Exp. Biol. 1956,
Vi3, 394,

12. Venge, O., Acta Zool., 1950, v31, 1.

13. Robinson, T. J., J. Agric. Sci., 1951, v41, 6.

PS.EBM, 1961, v107.

R;*cei\'ed May 29, 1961.

Propagation of Junin Virus, the Etiological Agent of Argentinian

Hemorrhagic Fever, in HeLa Cell Cultures.
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During the late fall and early winter of
1958, an epidemic outbreak of a hemorrhagic.
febrile illness occurred in the province of
Buenos Aires, Argentine Republic. From
the blood of several patients, strains of pre-
sumably one virus were isolated by Parodi
et al.(1) and Pirosky et al.(2). Studies by
these workers showed that the virus, which
has been named Junin. was pathogenic for
guinea pigs. newborn mice. and chick em-
bryos. Their reported observations, how-
ever, as well as work in these laboratories.
indicate that serial propagation of Junin vi-
rus in these species is not without difficul-
ties. The incubation period in 1-day-old
mice is from 10 to 15 or more days: further-
more, numerous animals survive inoculation
at various serial dilutions of virus, with re-
sulting irregular titrations.

Other workers(3) have also reported fail-
ure of Junin virus multiplication in monkey
kidney tissue cultures and KB and Hela
cells. Nevertheless, it was decided to at-
tempt propagation of the virus in HeLa cells
according to methods that have been suc-
cessfully applied in these laboratories to the

* Permanent address: Dept. of Microbiology and
Parasitology, Medical School, Univ. of Buenos Aires:
holder of a fellowship from Consejo de Investiga-
ciones Cientificas y Tecnicas, Argentine Republic.
The Consejo accepts no responsibility for any state-
ments in this paper.

study of arthropod-borne viruses(4,5).

Materials and methods. Virus: The pres-
ent studies were done with strain XJ of Junin
virus, supplied by Dr. Parodi. Similar in-
vestigations with strains R5 and F, supplied
by Dr. Pirosky, have yielded preliminary re-
sults closely resembling those obtained with
strain X/J.

Immune sera. Immune sera against Junin
virus were produced in mice and rabbits.
Mice were given 3 injections of a 10% sus-
pension of infected newborn mouse brain, the
first 2 injections intracerebrally at a 3-week
interval and the 3rd intraperitoneally; mice
were bled 8-15 days after the last injection.
Rabbits were inoculated intravenously with
0.5 ml of a 10% suspension of infected mouse
brain in physiological saline once a week for
3 consecutive weeks, and exsanguinated 1
month after the last inoculation. Immune
sera against other viruses were prepared in
the same manner to serve as controls.

Tissue cultures. The stable cell line, strain
HeLa (Gey), used throughout was obtained
from The Tuskegee Institute in 1954 and has
been transferred regularly, first at Division
of Laboratories and Research, New York
State Dept. of Health, Albany, and since
1957 in these laboratories.

The cells were grown in 160-ml French
square bottles in a growth-promoting medium
consisting of 45% Hanks’ balanced salt solu-





