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Summary. This paper reports a statistical study of mortality in about 2 500 premature
mice at birth and during neonatal development. The premature mice were removed by
caesarean section and reanimated for 30 min. ; surviving mice as well as newborns
delivered vaginally on day 20 of pregnancy (control mice) were raised from birth to day
20 by nursing mothers spontaneously delivered at the same time. The mortality rate in the
premature mice and control newborns was estimated immediately after birth by caesarean
section and 30 min. after reanimation or parturition, 6 h after birth and at 9 h every day
from neonatal days 2 to 20. The caesarean section did not cause mortality. The chances
of the survival of premature mice at birth depended on both gestational age and birth
weight. Premature mice could not survive if their gestational age was less than 19 days
and their birth weight less than 33 % of that of newborn mice at term. There was no
relationship between mortality and the number of newborns per litter. Two types of
mortality were observed in premature mice, mortality at reanimation and breeding
mortality. Mortality at reanimation was about 13 % ; breeding mortality, occurring only
during the first 3 neonatal days, was of two types : primary neonatal mortality (10.9 %),
occurring from the end of reanimation up to 6 h after birth, and secondary neonatal
mortality (6.9 %) which appeared from days 2 to 3. The role of some factors causing
mortality has been discussed.

Introduction.
The problems of infant prematurity have received much attention from
few years, as evidenced by the extensive literature, and
clinicians in
many statistical studies have been reported (Loctin, 1980). Perinatal and neonatal
mortality in premature babies is still high (Varangot et al., 1975 ; Fuchs, 1977 ;
Rush et al., 1978). Neonatal death occurs essentially before 3 days of age (Hatt
et al., 1972 ; Senecal et al., 1977 ; N’Koumoun, 1978) ; however, there is also
low mortality after neonatal day 10 (Rossier, 1969 ; Laugier and Gold, 1978).
Even when additional factors affecting morbidity are present, mortality data
related to both birth weight and gestation age are essential for determining the
chances of survival of the premature infant (Lubchenco et al., 1972 ; Papiernik,
1977). These results are comparable to those obtained in premature monkey
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(Digiacomo and Shaughnessy, 1972 ; Price et al., 1972 ; Hird et al., 1975 ;
Shaughnessy et al., 1978) and premature piglet (Aumaitre et al., 1979).
Except in primates and domestic animals there have been only a few studies
concerning prematurity in other species ; thus, nothing is known about mortality
in premature rodents. We thought it would be interesting to compare existing
data with a rodent model. On the other hand, while some factors involving the
mortality of premature neonates have been widely studied, the role of the
adrenal cortex remains obscure ; in premature humans, results on the adrenal
cortex are particularly conflicting. Since the degree to which a premature adrenal
cortex functions at birth may be of some importance in determining whether the
neonate survives, the mouse seemed to be a good model for studying
prematurity because perinatal changes in corticosterone and aldosterone
concentrations in mother, foetus and full-term neonate in this species have been
studied previously in our laboratory (Dalle et al., 1978). Furthermore, we have
recently investigated glucocorticoid and mineralocorticoid functions in premature
mice. Finally, since the mouse is a prolific species with short pregnancy and a
brief period of postnatal growth, some experiments can be done in premature
neonates that are difficult to carry out in other species ; for example, it is easy to
remove the foetuses by caesarean section (Loctin, 1980).
The aim of the present paper was to make a statistical study of mortality at
birth and during neonatal development in premature mice obtained by caesarean
section.

Material and methods.
Animals. &horbar; We used primiparous female mice (Swiss CD, strain) of the
age (3 months) and their litters. Male and female mice were caged
together overnight from 19 to 7 h, and we called the day a vaginal plug was
observed day 1 of pregnancy. The time of mating was known to within 6 h. Pregnant mice were isolated from day 1 in individual cages under controlled conditions
of temperature (25 ± 2 °C) and natural lighting and safeguarded against stress.
Breeding results in our laboratory have shown that spontaneous parturition
occurs on day 20 of pregnancy in the Swiss CD, strain (Loctin, 19801. Premature
mice were obtained by caesarean section between 9 and 12 h on days 18 and 19
of pregnancy.
Caesarean section and reanimation. &horbar; Immediately after the dam was
decapitated, all the foetuses of the litter were removed by laparotomy (3 min. for
a litter of 6-7 foetuses and 4 min. for a litter of 12-13). The newborn mice were
reanimated for 30 min. in a warming box (38 °C) soaked with serum and provided
with an oxygen tent.
Raising of neonates. &horbar; After respiration and reanimation, premature mice
removed by caesarean section on day 19 of pregnancy, as well as newborn mice
delivered vaginally on day 20 and taken from their own dam less than 1 h after
parturition, were raised from birth to day 20 by nursing mothers spontaneously
delivered at the same time. Only litters from nursing dams which suckled
same

newborns immediately after birth and regularly
used in the statistical study of mortality.

during neonatal development

were

Statistical study of mortality. &horbar; The study was carried out using about
3 400 newborn mice divided into several groups. Mortality was defined as the
death of premature mice and control newborns (1) at birth (immediately after
caesarean section and 30 min. after reanimation or parturition), (2) 6 h after birth
and (3) at 9 h every day from neonatal days 2 to 20. The number of dead and
the mortality rate were noted at each stage. Only litters with 6-13 newborns were
used. To study mortality and body weight at birth and during neonatal
development, the litters were pooled then divided into 4 groups each
containing : 6-7, 8-9, 10-11 or 12-13 newborns.

Body weight. &horbar; The body weight of live premature mice removed by
section on day 19 of pregnancy was estimated 30 min. after
reanimation and compared to : (1) newborns delivered vaginally on day 20 and
weighed less than 1 h after parturition, (2) premature mice dying during
reanimation. The means
± SEM are given ; Student’s t-test was used to
calculate probability and significance.
caesarean

Results.
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section. &horbar; The mortality rate of 2 570 foetuses at the
section (133 on day 18, 1986 on day 19 and 451 on day 20 of
0 % ; all the foetuses were alive with the thorax moving.
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b) Mortality at reanimation (table 1).
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Indeed, the mortality rate of
days
age
133 foetuses removed by caesarean section on day 18 was 100 % 30 min. after
reanimation. On the other hand, the number of surviving premature mice was
high in newborns removed by caesarean section on day 19 since the mortality
rate was only 13.2 %. The statistics of this group, based on 1986 premature
mice, showed that mortality at reanimation was not a function of the duration of
-

section or the number of foetuses per litter because that rate..after
reanimation did not vary with the number of foetuses per litter (table 2).
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c) Prepartum age and body weight of surviving premature mice (table 31.
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The mean body weight of newborns delivered vaginally at term on day 20 varied
at birth between 1.54 ± 0.006 g and 1.59 ± 0.003 g. In prematures removed by
caesarean section on day 18 of gestation and dead after reanimation, mean body
weight was 0.91 ± 0.01 g. In premature mice removed on day 19, mean body
weight after reanimation varied between 1.02 ± 0.01 g and 1.07 ± 0.02 g in
dead prematures and between 1.22 ± 0.003 g and 1.26 ± 0.006 g in live
prematures. Mean body weight of dead premature mice at day 19 of pregnancy

was

0.001) than that of live prematures on the same
was 19.2 to 23.2 % lower
0.001) than that of newborn mice at term. These results show that the
body weight limit of surviving premature mice was higher than 1.07 ±

15 to 16.4 % lower (P <

day, and the
(P

<

mean

mean

body weight of the latter survivors

0.02 g. Statistical analysis using body weight as a function of the number of
newborns per litter showed that body weight estimated 30 min. after birth in fullterm newborns delivered vaginally on day 20 and in live premature mice removed
on day 19 increased when the number of newborns per litter decreased. In
contrast, the body weight of dead premature mice did not vary as a function of
the number of newborns per litter ; it was equal in all the litters in each group
(table 3). Thus, the premature mice in each litter died if their body weight was
equal to or lower than 1.07 g.
2.

Breeding mortality (table 4).
The breeding mortality of mice was characterized by a critical period occurring

between birth and

day 6 in both full-term newborns and prematures. There

was

no

mortality from day

7.

During

the first 6 neonatal

days, the mortality

rate of

prematures (21.3 %)was higher than that of newborns at term (8.7 %As the
mortality rate of prematures was equal to that of newborns at term from neonatal
to 6, mortality due to prematurity appeared only during the first
3 neonatal days ; the true breeding mortality rate of prematures was 14.0 %
from birth to day 3. The statistics of table 4 show that mortality between birth and
day 2 began only 6 h after birth in control animals, and occurred only during the
first 6 neonatal hours in prematures. There was no relationship between mortality
rate and the number of newborns per litter ; dead neonates were distributed
equally in litters of 6 to 13 newborns.
Finally, breeding mortality in the mouse due to prematurity was of two
types : (1) primary neonatal mortality (10.9 %) occurring from the end of
reanimation to 6 neonatal hours and (2) secondary neonatal mortality (6.9 %)
appearing between 9 h on day 2 and 9 h on day 3.

days 4

Discussion.
The present experiments show that, in spite of mortality, many premature
mice obtained by caesarean section survive.
There are two types of mortality in premature mice : mortality at birth
occurring during reanimation and breeding mortality. Because of the basic
relationship between birth weight, gestational age and mortality rate in
prematures, it is imperative to take into consideration the joint effect of birth
weight and gestational age when examining neonatal mortality.

Our statistics show that the chances of premature
mice surviving at birth depends on both gestational age and birth weight.
Premature mice cannot survive after caesarean section, in spite of reanimation, if
their gestational age is less than 19 days, although the term is 20 days in this
species. The mortality rate in 18-day old foetuses at reanimation is 100 % whereas it
is only 13.2 % in 19-day old foetuses. The mean birth weight of 18-day old dead
foetuses and 19-day old dead foetuses is about 41 and 33 % less, respectively,
than that of full-term newborns. Since the mean birth weight of surviving
premature mice is about 20 % less than that of full-term newborns, the limit of
mean birth weight for the survival of the former ranges between 67 and 80 % of
that of full-term newborn mice. The present experiments have demonstrated that
the mortality of 19-day old premature mice does not depend on the number of
newborns per litter. Mortality occurred in all litters when foetal body weight was
equal to or less than 1.07 g, and foetuses weighing less than that were found in
litters of 6 to 13 newborns. Compared to other species, the limit of gestational
age and birth weight for survival is high in premature mice. The survival rate in
premature rats is 52 % when they are removed by caesarean section on day 20
of gestation, term being 21 days (Weinhold et al., 1980). In swine, the number
of stillborn piglets is significantly higher when gestation lasts less than 112 days,
although maturity is reached at 113-116 days (Aumaitre et al., 1979). The birth
1.
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sheep varies between 1 500 and 5 000 g ; survival
weights between 1 500 and 2 000 g and only 10 % for
500 g (Houssin and Brelurut, 1980). The viability limit is high

rate is 70 % for birth

those of less than 1
in -primates. Premature human babies are viable from week 28 of pregnancy,
although pregnancy lasts about 40-42 weeks, and they can survive when body
weight is even less than 1 500 g, although the mean birth weight of full-term
newborns is about 3 500 g. Premature rhesus monkey newborns survive from
day 130 of gestation, although gestation lasts 175 days, and the limit of birth
weight for survival is 63 % of that of full-term newborns (Shaughnessy et al.,
1978). Nevertheless, it is difficult to compare mice with primates because of the
difference in the number of newborns per litter and also because the premature
mice in our experiments were removed by caesarean section, while the human
prematures were delivered vaginally.
A lack of lung surfactant is certainly a factor in the death of 18-day old
premature mice removed by caesarean section. Indeed, autopsy of all those that
died during reanimation showed complete atelectasis of the lungs and it is
known that lung surfactant is present only after day 18 of gestation in mouse
foetuses (Buckingham and Avery, 1962). The lungs of 19-day old premature mice
that died during reanimation were also atelectatic, and it is likely that a lack of
lung surfactant was also a factor since the weight of these foetuses was low like
that of 18-day old premature mice.

2. Breeding mortality. &horbar; The breeding mortality of premature mice was
determined by comparing 19-day old premature mice raised from birth to day 20
by nursing dams to full-term newborns also raised by nursing mothers. The
nursing mothers were delivered vaginally at the same time as the mothers of
premature mice and full-term newborns. However, in our experiment, neonate
adoption was homogeneous since for the statistical study we used only litters
from nursing mothers that had regularly suckled neonates from birth to day 20.
The breeding mortality of premature mice was not related to the number of
neonates per litter since the dead neonates were distributed equally in all litters.
The relationship between breeding mortality and neonate body weight is not
known because we could not weigh live neonates during neonatal development
for fear that the dams would reject the neonates. Therefore, it is difficult to
compare the mice with other species. In swine, for example, newborn survival
rate depends on both the birth weight and the length of gestation : survival rate
is minimal for premature animals born before 112 days and for full-term animals
having a low birth weight (Aumaitre et al., 1979) ; 50 % of piglets with a birth
weight of less than 900 g die over the first neonatal week (Hartsock et al., 1977),
although mean birth weight is about 1 200 g.
Breeding mortality in premature mice occurs only during the first 3 neonatal
days. It is interesting that while this mortality in premature humans is also high
during the first 3 neonatal days, it remains that way from neonatal days 3 to 28,
in contrast to premature mice (Loctin, 1980).
Statistics in the present study establish that breeding mortality in premature
mice occurs during the first 6 neonatal hours (primary neonatal mortality) and

then between days 2 and 3 (secondary neonatal mortality). Several factors are
involved in this mortality and the following probably affect primary neonatal
mortality : (1) lack of surfactant : statistics on 242 19-day old live premature mice
killed after reanimation show that 5.7 % of them had atelectasis of the lungs ;
(2) milk sucking disorders : milk was found in the stomach of 92 % of full-term
newborns killed 6 h after birth, whereas it was found in only 50 % of premature
mice ; (3) thermoregulation disorders : heat production was deficient in brown fat
due to inadequate availability of lipid (Bertin et al., 1982) ; (4) insufficient
response of aldosterone secretion to high loss of sodium and water due to
kidney immaturity in the first 6 neonatal hours, inducing stimulation of
aldosterone secretion in surviving premature mice (Loctin and Delost, 1982) ;
(5) insufficient response of corticosterone secretion to reanimation stress,
inducing a peak of plasma corticosterone in surviving premature mice 6 h after
birth (Loctin, 1980).
All these factors (except surfactant deficiency) and many more are probably
involved in secondary neonatal mortality. Our results deserve further
investigation of the factors responsible for the mortality of premature mice,
particularly the role of the adrenal cortex.
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Résumé. Mortalité du prématuré de souris à la naissance et au cours du déve%ppeinent
néonatal.
L’étude statistique de la mortalité à la naissance et au cours du développement néonatal a été réalisée sur environ 2 500 prématurés de Souris. Les prématurés ont été obtenus par césarienne et réanimés pendant 30 min. ; les prématurés survivant après la réanimation ont été élevés, de la naissance au 20
e jour, de même que les nouveau-nés à terme
délivrés spontanément par voie basse au 20
e jour de gestation (animaux de contrôle), par
des nourrices qui avaient mis bas au même moment. La mortalité du prématuré et du
nouveau-né à terme a été comptée à la naissance immédiatement après la césarienne et
30 min. après la réanimation ou la parturition, à 6 h après la naissance et à 9 h chaque jour
du 2e au 20
e jour après la naissance. La césarienne n’est responsable d’aucune mortalité.
Les chances de survie du prématuré de Souris dépendent à la naissance à la fois de l’âge
gestationnel et du poids de naissance. Le prématuré de Souris ne peut pas survivre si son
e jour de gestation et si son poids de naissance est inféâge gestationnel est inférieur au 19
rieur de 33 % par rapport au poids du nouveau-né à terme. Il n’y a pas de relation entre la
mortalité et le nombre de nouveau-nés par portée. Il existe deux sortes de mortalité chez
le prématuré de Souris : une mortalité de réanimation évaluée à 13 % et une mortalité
d’élevage qui apparaît seulement au cours des trois premiers jours de la vie. Cette dernière
peut être subdivisée en une mortalité néonatale primaire, qui se produit entre la fin de la
réanimation et la 6
e heure de vie et qui est de l’ordre de 10,9 % et une mortalité néonatale
secondaire qui réapparaît entre le 2
e jour et le 3e jour de la vie et qui est de l’ordre de
6,9 %. Le rôle de certains facteurs dans la mortalité est envisagé.
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