Somatic

development in premature
weaning

mice

from birth to

Jacqueline LOCTIN,

P. DELOST
Laboratoire de Physiologie animale, Université de Clermont-Ferrand
et ERA CNRS 414, Endocrinologie du Développement,
24, avenue des Landais, B.P. 45, 63170 Aubière, France.

Summary. This paper reports a statistical and transversal study of growth in about
2400 surviving premature mice during neonatal development. The mice were removed by
caesarean section on day 19 of pregnancy and reanimated for 30 min ; surviving mice as
well as newborns delivered vaginally on day 20 (control mice) were raised from birth to
day 20 by nursing mothers spontaneously delivered at the same time. Only litters from
nursing dams which suckled newborns regularly were used in the statistical study.
Somatic development in the premature mice and newborn controls was estimated by
changes in body weight and in the weight of several organs (liver, kidney, adrenal glands)
after the newborns had been killed at five developmental stages : 30 min after reanimation
or parturition, 6 h after birth and at 9 h on days 2, 6 and 20. Growth was analysed by
growth curves, percentage of weight gain per day, regression lines and allometric lines ;
weight gain was calculated as a function of the number of newborns per litter. The low
birth weight of live premature mice affected body weight and kidney and adrenal weights.
After an early, transitory loss of body and organ weights, which occurred during the first
neonatal day, the weight handicaps of premature mice were overcome before neonatal
day 20 as follows : adrenal weight between 6 h and day 2, liver weight between days 2
and 6, kidney and body weights between days 6 and 20. Throughout these stages, the
weight gain of body and organs was higher than that of full-term newborns. The weight
gains of premature mice, like those of full-term newborns, were in inverse ratio to the
number of newborns per litter. The role of some factors involved in the growth of organs
of premature mice has been discussed and the somatic development of surviving
premature mice has been compared to that of smallest premature human infants.

Introduction.
As the mortality of prematures has been studied carefully in primates,
domestic animals and rodents (Loctin and Delost, 1983a), there is an increasing
awareness of the need to assess the growth of surviving premature newborns of
these species. Since the birth weight of live premature newborns is lower than
that of full-term newborns, the question is whether premature newborns still
continue to show differences and handicaps after the neonatal period. Only a
few investigations have been carried out on the postnatal growth of premature
newborns in species other than man.

Over the past 30 years many studies of the later growth’and development of
premature infants appearing in the literature have reported widely varying
conclusions (Loctin, 1980). Many factors besides somatic development are
involved in the conflicting results on postnatal growth of premature infants.
Indeed, the chief difficulty in planning a long-term study of this type is to know
the environmental factors. These can be controlled in animals, but there are no
statistical studies on the postnatal growth of premature animals. It is only known
that the weight gain of premature piglet per day from birth to weaning is higher
than that of full-term piglet (Aumaitre et al., 1979).
In spite of the mortality occurring during reanimation and postnatal
breeding, previous experiments have shown that many premature mice obtained
by caesarean section on day 19 of pregnancy survive (Loctin, 1980 ; Loctin and
Delost, 1983a). We thought it would be interesting to compare the postnatal
growth of premature mice with that of full-term newborn mice and also existing
data on the growth of premature infants with those of a rodent model. The aim
of the present paper was to do a statistical study of body and organ growth
from birth to weaning in live premature mice obtained by caesarean section. We
could not carry out a longitudinal development study of body weight in
premature mice because it was feared that the dams would reject the live
newborns if they were weighed during development. Therefore, we did a
transversal study by killing newborns at several stages of postnatal development.
This method also permitted us to weigh the organs ; the liver, kidney and
adrenals were chosen because they are involved in the survival of premature
mice (Loctin and Delost, 1983a).

Material and methods.

Animals. &horbar; The newborns were issued from primiparous female mice
CD, strain) of the same age (3 months). Pregnant mice, obtained under
conditions described in a previous work (Loctin and Delost, 1983a), were isolated
from day 1 of pregnancy in indididual cages under controlled conditions of
temperature (25 ± 2 °C), nutrition and natural lighting. Full-term newborns
(control animals) were delivered spontaneously and vaginally on day 20 of
pregnancy. Premature mice were obtained by caesarean section between 9 and
12 h on day 19 of pregnancy immediately after the dam was decapitated ; they
were reanimated for 30 min in a warming box (38 °C) soaked with physiological
serum and provided with an oxygen tent (Loctin, 1980). After respiration and
reanimation, these live mice, as well as newborns delivered vaginally on day 20
and taken from their own dams less than 1 h after parturition, were raised from
birth to day 20 (weaning) by nursing mothers spontaneously delivered at the
same time. Only litters from nursing dams which suckled newborns immediately
after birth and regularly during neonatal development were used in the statistical
study of somatic growth, and only the strong live newborns within these litters
were killed and weighed. Several groups of premature mice and full-term mice
were killed (1) at birth (30 min after reanimation or parturition), (2) 6 h after birth
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and (3) at 9 h on neonatal days 2, 6 and 20. To study growth at birth and during
neonatal developmental only litters with 6-13 newborns were used ; the litters
were pooled then divided into 4 groups each containing 6-7, 8-9, 10-11 and 12-13
newborns. In spite of breeding mortality (Loctin and Delost, 1983a), the study
was carried out using 259 litters and 2463 newborn mice.

Statistical study of somatic development. - The somatic postnatal
development of premature and full-term mice was compared by analysing
changes in body weight and the weight of several organs (liver, kidney, adrenal
glands). At each of the five studied stages of postnatal development, the
newborns were individually weighed before they were killed. The animals were
bled by decapitation ; the liver, left kidney and two adrenal glands were
immediately weighed and frozen at -35 °C for other investigations. In each
litter, these organs were pooled by sex before weighing (2 weighings per litter).
Since no significant sex differences were observed in any of the parameters
measured, the data on male and female offsprings were combined. Somatic
development was estimated (1 ) by growth curves from birth to day 20 ; (2) by
weight gain or loss (mg/day) at 4 stages : birth to day 2, days 2 to 6, days 6 to
20 and birth to day 20 ; (3) by the percentage of weight gained or lost at 5
stages : birth to 6 h, 6 h to day 2, days 2 to 6, days 6 to 20 and birth to day 20.
These calculations were carried out on the total of the litters and as a function of
the number of newborns per litter.
Correlations of body weight and the weight of liver, kidney and adrenals
with age were estimated by regression with the correlation coefficient r and the
security coefficient t for probability higher than 95 %. The regression lines of
premature mice and full-term newborns were compared using analysis of
variance and Fisher’s F-test. Allometric lines and allometric coefficients for liver,
kidney and adrenal weights in relation with body weight were evaluated by the
mathematical model, log. organ weight/log. body weight, from Cantier et al.
11969). These calculations were only carried out on the total of the litters.
The means ± SEM are given ; Student’s t-test was used to calculate
probability and significance.

Results.

1. Birth

weight.

Mean

body weight and

mean kidney and adrenal weights were lower in
mice
removed
on
premature
day 19 of pregnancy and killed 30 min after
reanimation than in newborns delivered vaginally at term on day 20 (table 1 ).
Statistical analysis using weight as a function of the number of newborns per
litter showed that body, kidney and adrenal weights increased in surviving
premature mice and in full-term newborns when the number of newborns per
litter decreased, and that the difference in weight (%) between premature mice
and full-term newborns was equal, whatever the number of newborns per litter.
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in birth in both premature mice and full-term
function of the number of newborns per litter.

deve%pment.

a) Body growth (fig. 1).

In full-term newborns body growth started
between birth and 6 h, then increased regularly until day 20. In premature mice,
body weight decreased between birth and 6 h, then increased from 6 h to day
20. The mean body weight of premature mice caught up with that of full-term
newborns between days 6 and 20 since there was no significant difference
between the two groups at day 20. The percentage of mean body weight gain
was higher in premature mice at all stages of development from 6 h (548 %)
form birth to day 20) than in full-term newborns (402 %) (table 2). However, in
comparison with control animals, mean body weight gain (mg/day) of premature
mice was lower between birth and day 2, equal between days 2 and 6 and higher
-

between days 6 and 20, so that from birth to day 20, it was higher in premature
mice (350 mg/day) than in full-term newborns (320 mg/day) (table 3). In
premature mice, as well as in full-term newborns, mean body weight gain
(percentage and mg/day) increased when the number of newborns per litter
decreased (tables 2, 3). There was no difference in the regression lines of mean
body weight between full-term newborns and prematures from birth to day 20,
but from days 2 to 20 the regression lines of mean body weight of premature
mice and full-term newborns were significantly different (P
95 %). This
confirmed that body growth was higher form day 6 after birth in premature mice
than in full-term newborns.
=

increased from 6 h to day 20. The regression line from birth to day 20 did not
differ from that of full-term newborns ; these lines were also similar between
days 2 to 20. The mean kidney weight of premature mice caught up with that of
full-term newborns between days 6 and 20 ; at day 20 it was equal in the two
groups. The mean percentage of kidney weight gain of premature mice was
higher than that of full-term newborns at all stages from stage 6 h-day 2 ; it was
975 % from birth to day 20 and 669 % in control animals (table 2). The mean
kidney weight gain (mg/day) of premature mice was higher only through days 6
to 20 (table 3). Kidney weight gain was in inverse ratio to the number of
newborns per litter from days 6 to 20 and from birth to day 20 in both groups.
Changes in kidney weight in relation with body weight from birth to day 20
showed positive and similar allometry (1.26) in premature mice and full-term
newborns.

weight (fig. 2). The mean adrenal weight in full-term newborns
unchanged from birth to day 2 and then increased to day 20, whereas in
premature mice it increased from birth (particularly between 6 h and day 2) and
then between days 2 to 20. The mean adrenal weight of premature mice caught
up with that of full-term newborns between 6 h and day 2 ; at day 2 it was equal
in the two groups. According to the regression lines, wich were not statistically
different, changes in adrenal weight were similar in the two groups. The mean
adrenal weight gain (percentage and mg/day) was higher in premature mice only
from birth to day 2 (tables 2 and 3). There were no evident relationships between
adrenal weight gain and the number of newborns per litter in the two groups.
Changes in mean adrenal weight in relation with body weight showed negative
-
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and similar allometry in premature mice (0.78) and full-term newborns (0.84)
from birth to day 20 and similar isometry (1) from days 2 to 20.
Liver weight (fig. 2). Liver weight was similar at brith in full-term
newborns and premature mice. In full-term newborns it was unchanged at 6 h,
decreased by 14 % between 6 h and day 2 and then increased regularly from
days 2 to 20. The mean liver weight of premature mice decreased by 14 % from
birth to 6 h and then by 12 % until day 2 ; at day 2 it was 12 % lower than that
of full-term newborns. From days 2 to 20, mean liver weight increased in
premature mice, catching up with that of full-term newborns between days 2
and 6 ; at day 6 it did not differ from that of full-term newborns. Between days 2
to 20, the regression lines of liver weight were not statistically different in
premature mice and full-term newborns. The mean liver weight gain (percentage
and mg/day) was higher in premature mice from days 2 to 6 and from days 6 to
20 (tables 2 and 3). Liver weight gain was in inverse ratio to the number of
newborns per litter in both groups. Changes in mean liver weight in relation with
-

body weight showed negative and similar allometry (0.82) in premature mice and
full-term newborns from birth to day 20 and similar isometry (1 ) from days 2 to
20.

Discussion.
The somatic development of live premature mice was determined by
comparing 19-day old surviving premature mice raised from birth to day 20 by
nursing dams to full-term newborns also raised by nursing mothers. The two
groups could be compared statistically, seeing that in our experiment newborn
adoption was homogeneous because we used only litters from nursing mothers
that had regularly suckled newborns. The low birth weight of live premature
mice affected both body weight and the weight of organs like kidney and
adrenal but not liver. The early and transitory weight decrease in premature
mice from birth to 6 h concerned only body weight and liver weight. The
decrease in liver weight continued until day 2 ; the liver weight of full-term
newborns also decreased between 6 h and day 2. Several factors were probably
involved in this decrease of body weight in premature mice : (1) milk sucking
disorders : milk was found in the stomach of 92 % of full-term newborns killed
6 h after birth and mean milk weight per newborn was 46 mg whereas milk was
found in only 50 % of premature mice and mean milk weight per premature was
25 mg (Loctin, 1980) ; (2) there is a high loss of water and sodium in the first 6
neonatal hours in premature mice due to kidney immaturity (Loctin and Delost,
1982). Thus, omitting the weight of stomach milk, the body weight of full-term
newborns increased by 2.5 % between birth and 6 h, whereas that of premature
mice decreased by 4 %. The decrease in newborn liver weight is generally due to
liver lipolysis ensuring thermoregulation. The rapid decrease of liver weight
(14 %), occuring only in premature mice between birth and 6 h, was probably
related to an increase in liver lipolysis due to thermoregulation disorders since
heat production is deficient in the brown fat of premature mice at this stage
because of inadequate availability of lipid (Bertin et al., 1982). This high liver
lipolysis was the cause of low liver weight in premature mice (14 % less at 6 h
and 12 % less at day 2) compared with full-term newborns.

The present experiments show that, in spite of early and transitory loss of
weight, the body and organ weights of premature mice increased considerably
throughout postnatal development, so that weight handicaps were overcome
before day 20 of life. Thus, body and kidney weights of premature mice caught
up with those of full-term newborns between days 6 and 20, liver weight
between days 2 and 6 and adrenal weight between 6 h and day 2. Indeed,
throughout these stages, the weight gain (mg/day) of the body and organs
of premature mice was higher than that of full-term newborns. The regression
lines of body weight between days 2 to 20 are significantly different between
premature mice and full-term newborns, confirming that body growth is
higher in premature mice form day 6 after birth. But, though organ weight
gains are higher in premature mice, the regression line for kidney, adrenal

and

liver

weights

in

premature mice does not differ from that of full-

newborns, and changes in organ weight in relation with body weight
show similar allometry or isometry in premature mice and full-term newborns.
term

This phenomenon might indicate that organ growth was similar in both groups
from the day the weight handicap was overcome, whereas the body growth of
premature mice was always higher. However, this hypothesis could not be
confirmed in our experiment because we did not study growth beyond neonatal
day 20. Several factors are involved in the precocious recovery of adrenal weight
(day 2) in comparison with kidney (day 20) and liver (day 6) weights in premature
mice ; (1) the adrenal weight handicap is low at birth (only 13 %) ; (2) the
adrenal glands are highly stimulated in the first 6 neonatal hours, as shown by an
increase in aldosterone (Loctin and Delost, 1982) and corticosterone (Loctin and
Delost, 1983b) ; (3) the kidney weight handicap is very high at birth (27 %)
because the kidneys of premature mice are immature ; (4) after birth the liver
weight of premature mice decreases before that of full-term newborns, and at
day 2 it is 12 % lower than that of full-term newborns due to higher liver

lipolysis.
It is difficult to compare the

growth of premature mice with that of other
the
since
postnatal growth of premature newborns has only been studied
species
statistically in premature human infants. Though environmental factors are not
the same during the development of premature mice and the smallest premature
infants, it is interesting to study analogies or differences in body growth between
premature mice and these infants. The body weight handicap of smallest
premature infants at birth is much greater than that of premature mice ; this is
probably involved in the fact that infants are slower to overcome this handicap.
In premature mice, as in smallest premature there is a decrease in body weight ;
this decrease is very short-termed in premature mice (only during the first
6 neonatal hours) but extends to day 10 in smallest premature (Hatt et al., 1972).
From day 2, premature mice rapidly recover the birth body weight of full-term
newborns (like kidney and adrenal weights are recovered between 6 h and day
2), whereas the time until the premature infant reaches his appropriate body
weight centile exceeds several weeks (Gairdner and Pearson, 1971 ; Hatt et al.,
1972 ; Bourlon, 1973). Another analogy between premature mice and smallest
premature infants is that after a transitory decrease, body weight gain is
high during postnatal development. In premature infants this fact has been
evidenced by plasma STH levels, which are higher than in full-term newborns
during the first neonatal weeks (Cornblath et al., 1965). Throughout postnatal development, relationships between the growth rate and birth weight
of premature infants are conflicting : the growth rate of the smallest premature infants is either higher (Rossier, 1969, 1975) or lower (Kinoshita
et al., 1976) than that of other human prematures. Our experiment shows
that body weight gain and organ weight gain in premature mice as in fullterm newborn mice are in inverse ratio to the number of newborns per litter
throughout the several stages of postnatal development studied. Thus, weight
differences are equal in premature mice and full-term newborns, and the rapid
recovery from the weight handicap in premature mice is similar, whatever the

number of newborns per litter. A study of the literature on the growth of
premature infants does not indicate whether the smallest premature babies
overcome their weight handicap or not (N’Koumoun, 1978) ; from various
results, it seems that many prematures remain deficient in body weight for
several years (Drillien, 1958a, 1958b ; Knobloch et al., 1959 ; Lubchenco et al.,
1963 ; Robinson and Robinson, 1965 ; Rossier, 1969). This is not the case of
premature mice yvhich, very quickly after birth, overcome the body and organ
weight handicaps .they have at birth. Consequently, the mouse seems to be a
good model for studying the growth of prematures, and the factors responsible
for fast somatic development revealed by this study merit further investigation.
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Développement somatique

du

prématuré

de Souris entre la naissance et le

Une étude statistique transversale de la croissance au cours du développement néonatal a été réalisée sur environ 2 400 prématurés de Souris survivants. Les prématurés ont
été obtenus par césarienne au 19&dquo; jour de la gestation et réanimés pendant 30 min ; les
prématurés survivants, de même que les nouveau-nés à terme délivrés spontanément par
voie basse au 20
e jour de gestation (animaux de contrôle), ont été élevés à partir de la
naissance par lès nourrices qui avaient mis bas au même moment. Seules ont été conservées pour l’étude statistique, les portées provenant de mères qui ont allaité régulièrement
leurs nouveau-nés. Le développement somatique des prématurés a été estimé, comparativement à celui des nouveau-nés à terme, à partir de l’évolution du poids du corps et du
poids de certains organes, comme le foie, le rein et la surrénale, après sacrifice des
nouveau-nés à 5 périodes du développement : 30 min après la réanimation ou la parturie et 20
e jours. La croissance a été analysée
tion, 6 h après la naissance et à 9 h aux 2&dquo;, 6
par les courbes de croissance, le gain de poids en % et en mg par jour, les droites de
régression et les coefficients d’allométrie. Les calculs des gains de poids ont été faits en
fonction du nombre de nouveau-nés par portée. Le déficit pondéral du prématuré de Souris survivant touche à la naissance à la fois le corps, le rein et la surrénale. Après une précoce et transitoire perte de poids du corps et des organes qui apparaît au cours du 1&dquo; jour
e jour de la vie : entre la 6&dquo;
de vie, le déficit pondéral du prématuré est rattrapé avant le 20
e jour et le 6&dquo; jour pour le poids du
heure et le 2&dquo; jour pour le poids surrénalien, entre le 2
e jour pour le poids du rein et le poids du corps ; au cours
foie et entre le 6&dquo; jour et le 20
de ces périodes, le gain de poids pour le corps et les organes est plus élevé que chez les
nouveau-nés à terme. Les gains de poids, aussi bien chez le prématuré que chez les
nouveau-nés de contrôle, sont inversement proportionnels au nombre de nouveau-nés par
portée. Le rôle de certains facteurs dans la croissance des organes du prématuré est envisagé et le développement somatique du prématuré de Souris survivant est comparé à celui
du prématurissime humain.
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