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Abstract

Bozzini, Carlos E, Graciela M. Champin, Clarisa Bozzini, and Rosa M. Alippi. Gestational and Early Postnatal
Exposure to Simulated High Altitude Does Not Modify Postnatal Body Mass Growth Trajectory in the Rat.
High Alt Med Biol 15:418–421, 2014.—Postnatal hypoxia blunts body mass growth. It is also known that the
quality of the fetal environment can influence the subsequent adult phenotype. The main purpose of the study
was to determine whether gestational hypoxia and early postnatal hypoxia are able to blunt growth when the
offspring is raised under normoxia. Hypobaric hypoxia was induced in simulated high altitude (SHA) chambers
in which air was maintained at 380 mmHg (5450 m). Mature Sprague-Dawley rats of both sexes were divided in
normoxic (NX) and hypoxic (HX) groups and, in the case of the HX group, maintained for 1 month at 5450 m.
Mating was then allowed under NX or HX conditions. Offspring were NX-NX, NX-HX, HX-HX, or HX-NX:
the first term indicates NX or HX during both gestation and the first 30 days of life; the second term indicates
NX or HX during postnatal life between days 30 and 133. Body mass (g) was measured periodically and body
mass growth rate (BMGR, g/d) was estimated between days 33 and 65 of postnatal life. Results can be
summarized as follows: 1) BM was significantly higher in NX than in HX rats at weaning; 2) BMGR was not
significantly different between NX-NX and HX-NX rats, and between HX-HX and NX-HX animals; and 3)
BMGR was significantly higher in rats living under NX conditions than in those living under HX conditions
during postnatal life. Data suggest that that hypobaric hypoxia during gestational and early postnatal devel-
opment of rats does not alter the regulation of body mass growth in rats when compared to that seen under sea-
level conditions.
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Introduction

Each animal species shows a characteristic growth tra-
jectory that can be altered in rate and timing by exogenous

modifiers. Altitude hypoxia is an important environmental
factor that is able to influence the growth pattern (Delaquierre-
Richardson et al., 1965; Schnakenberg et al., 1971; Alippi
et al., 1983; Bozzini et al., 1998; Schwartz et al., 1998; Morel
et al., 2005; Farahani et al., 2008). Under hypoxia, body
growth rate is depressed in growing experimental animals. As
a consequence, the body mass is reduced for the chrono-
logical age and gender (Timiras et al., 1957; Delaquierre-
Richardson et al., 1965; Alippi et al., 1983; Mortola et al.,
2000; Bozzini et al., 2013). The effect of hypoxia on body

growth rate has been associated with hypophagia because of
reduced appetite (Alippi et al., 1983; Elia et al., 1985;
Westerterp-Plantenga et al., 1999; Morel et al, 2005), which
suggests that the hypoxic animals grow in accordance to the
amount of food consumed. This thought is supported by
several findings: 1) a subnormal food intake in relation to
metabolic body weight (appetite quotient) and a normal
utilization of dietary protein for growth in infantile rats
exposed to simulated high altitude (SHA) (Alippi et al.,
1983); 2) a similar body mass loss in fasted rats either ex-
posed for 48 h to SHA or maintained under sea level con-
ditions (Schnakenberg et al., 1971; Norese et al., 2002); and
3) a similar loss of body mass in normoxic and hypoxic rats
that were pair-fed (Norese et al., 2002).
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Indirect evidence that growth retardation during exposure
to SHA could be due to resetting of a putative central control
(set-point) with a mechanism for setting target body mass
size has been also presented (Bozzini et al., 2005). If we
accept the above hypothesis, it could be inferred that hypoxia,
by reducing appetite and thus energy intake, could operate on
the phenotype of the individual to reduce body mass, which
may be an important physiological response in the process of
acclimation to high altitude by reducing oxygen requirements
(Monge and León-Velarde, 1991; Mortola, 1993).

It is now well recognized that the quality of the fetal envi-
ronment can profoundly influence the subsequent adult phe-
notype (Barker, 1994). According to the developmental origins
of health and disease hypothesis, in utero experiences repro-
gram an individual for immediate adaptation to gestational
perturbations, with the probability of sequelae in later life
(Ganu et al., 2012). Epigenetic modifications to the fetal and
placental epigenome accompany these reprogramming events.
Mortola (2000) showed that birth weight in humans was less at
high altitude than at sea level, once a critical barometric pres-
sure of *590 mmHg was reached. Moore (2003) also showed
that high altitude reduces birth weights, averaging a 100 g fall
per 1000 m elevation gain. Several comparisons and consid-
erations suggested that hypoxia was the most important pa-
rameter responsible for low birth weight at high altitude, acting
independently, not interactively, with other risk factors to re-
duce birthweight ( Jensen and Moore, 1997). Similar observa-
tions have been performed in rodents (Nelson and Cons, 1975;
Chen et al., 2012, Giussani et al., 2012).

These findings suggest the existence of adaptive changes
during prenatal development under hypoxic conditions that
could induce long-term consequences on the regulation of
appetite and body mass growth. Previously published results
from Chen et al. (2012) have shown a higher than normal
body weight on the 21 postnatal day in rats born from dams
that were subjected to hypobaric hypoxia simulating 5000
meters altitude from gestational day 14 up to delivery. Si-
milarly, Giussani et al. (2012) found normal body weights in
4-month-old rats who were born from rats that were exposed
to isobaric hypoxia (13%O2) from gestational day 6 to 20.
Analysis of these findings suggests that the offspring of
hypoxic dams maintain the capacity to growth normally
during postnatal life under sea level conditions. It is note-
worthy that in both studies the pregnant rats were subjected to
hypoxia suddenly, without previous acclimation, and that
exposure was limited to the final period of pregnancy.

In the present study, we report the body mass growth pattern
and the adult body mass in rats that were born from dams
previously acclimated to SHA (5400 m) and maintained in the
hypoxic milieu during the whole gestation period and nursing.
The main purpose of the study was to establish whether ges-
tational and early postnatal altitude hypoxia is able to modify
the body mass growth trajectory up to adulthood when the
offspring is raised under normoxic conditions, thus creating
life-long consequences on body mass development.

Materials and Methods

Hypoxia was induced by placing animals into SHA
chambers in which the desired air pressure (380 mmHg,
5450 m) was maintained using vacuum pumps and adjustable
inflow valves. Exposure was continuous with short periodic
interruptions to replace food and water, clean animal cages,

and perform experimental maneuvers when necessary. These
actions were conducted at the same time in the control nor-
moxic animals. Experimental subjects were Sprague-Dawley
rats. Mature animals of both sexes were divided into two
groups, normoxic (NX) and hypoxic (HX). The former group
was maintained under ground-level conditions, while the
second one was maintained in the SHA chambers during 1
month to permit acclimation to the hypoxic milieu. Mating
was then allowed under either normoxic or hypoxic condi-
tions. Offspring was divided into four groups: 1) NX-NX
(rats born in normoxia and maintained in normoxia); 2) NX-
HX (rats born in normoxia and changed to hypoxia when
aged 30 days); 3) HX-HX (rats born in hypoxia and main-
tained in hypoxia); and 4) HX-NX (rats born in hypoxia and
changed to normoxia when aged 30 days).

The experimental period was thus divided into two sub-
periods, A and B (Fig. 1).The former lasted from conception

FIG. 1. Body mass as function of age in male rats under
various environmental conditions. (A) indicates the period
that lasted between conception and day 30 of life (day 0 in the
graph corresponds to the day of birth). Rats were weaned at
day 21. During this period, rats were maintained under either
normoxic (NX) or hypoxic (HX, 380 mmHg, 5450 m) con-
ditions. (B) indicates the period that lasted between days 30
and 133 of life. During this period, rats were also maintained
under either normoxic (NX) or hypoxic conditions. Groups
were as follows: 1) HX-HX: white circles; Hypoxia during
periods A and B; 2) NX-HX: white squares; Normoxia during
period A and hypoxia during period B; 3) HX-NX: black
squares; Hypoxia during period A and normoxia during pe-
riod B; and 4) NX-NX: black circles; Hypoxia during periods
A and B. Each value represents the mean – SEM of 6 rats.
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to day 30 of postnatal life, while the latter corresponded to the
period between day 30 and day 133 of postnatal life. In each
group, data from six male animals were analyzed. Male rats
were used because their body mass growth rate is higher than
that of females, which makes the differences between nor-
moxic and hypoxic animals more marked. However, female
rats were simultaneously studied in the present experiment
and the results obtained, which are not shown, were quali-
tatively similar to those seen in males.

Results were summarized as means – SEM and presented
graphically for easier interpretation. Data were analyzed
using one-way ANOVA (GraphPad Prism version 4.00 for
Windows, GraphPad Software Inc., San Diego, CA, USA).
Differences in the means were considered statistically sig-
nificant when p < 0.05.

The experiment was conducted in accordance with the
principles outlines in the National Institute of Health Guide for
the Care and Management of Laboratory Animals, and ap-
proved by the University of Buenos Aires Ethics Committee.

Results and Discussion

Exposure of dams to SHA did not affect the litter size and
survival rate at birth significantly. Weight of rats at the time
of weaning (21 days) was 49.53 – 3.28 g in those raised under
normoxic conditions (NX) and 25.45 – 2.12 g in those ani-
mals raised at SHA (HX) ( p < 0.0001), as expected from
previously reported studies (Farahany et al., 2008; Moore
et al., 2011; Chen et al., 2012; Giussani et al., 2012) that
showed that chronic hypoxia slows fetal and perinatal
growth. Whether these effects are due to different factors,
such as neuronal development, endocrine state, and behavior
patterns (Peters, 1988; Champagne et al., 2003) or merely
represent the known inhibitory effect of hypoxia on body
mass, as occurs during later life periods, remains as an open
question.

As shown in Figure 1, the body mass increased with time
in all groups under both normoxic and hypoxic conditions.
The body mass growth rates between days 33 and 65, a
period of postnatal life in which body mass increases
roughly linearly, are shown in Table 1. Two observations
are worth-noting: 1) Rats living under hypoxic air during
period A of the experiment showed a BMGR when exposed
to normoxic air during period B that was not significantly
different from those living under normoxic conditions dur-
ing period A (NX-NX vs. HX-NX). The 18% increment in
the BMGR observed in the HX-NX group in relation to the

NX-NX group allowed catch-up growth in the former to
approach the normal growth curve after cessation of the
negative effects of hypoxia on growth during period A; and
2) Rats living under normoxic air during period A showed a
BMGR when exposed to hypoxic air during period B that
was not significantly different from those living under
hypoxic conditions during period A (NX-HX vs. HX-HX).
Analysis of these data indicates that SHA conditions neg-
atively affected body mass growth during postnatal life ir-
respective of whether the animals were gestated, born, and
lived during pre- early postnatal life under either normo-
baric of hypobaric ambient conditions. However, they did
not affect growth under normobaric conditions.

Body mass of animals was measured at the end of subperiod
B of the experimental period, when animals were aged 133
days (young adults). Values are shown in Table 1. Analysis of
these data indicates that exposure to SHA conditions between
the 30 and the 133 days of postnatal life reduced the body mass
of animals in approximately 37% when compared to those
maintained under normal ambient conditions. The effect was
not related to the previous exposure to hypoxia during gesta-
tion and 30-day early postnatal life.

The results of this study suggest that hypobaric hypoxia
during prenatal and early postnatal (30 days) development
does not alter the regulation of body mass growth in rats when
compared to that seen under sea-level conditions. This con-
clusion agrees with those previously commented from Chen
et al. (2012) and Giussani et al. (2012), although it is clear
that hypobaric hypoxia throughout pregnancy (present study)
is different from hypobaric hypoxia along gestational days
14–21 (Chen et al., 2012) and also from isobaric hypoxia
along gestational days 6–20 (Giussani et al, 2012). Therefore,
it is concluded that no deleterious consequences of gesta-
tional and perinatal exposure to hypoxia on body mass
growth under normobaric conditions are thus evident, but that
nonetheless hypoxia, when present postnatally, reduces body
growth.
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